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PREFACE. 

The present work deals, in the most concise manner 
possible, with the actual state of knowledge in rela- 
tion to recovery work after pit fires. The literature 
of the subject does not contain much that can serve 
for the guidance of the practical man, and the pre-- 
sent is the sole existing work treating exclusively of 
this branch of the miner's art in its actual state of 
development. 

The author was encouraged to publish this volume 
by reason of his long experience in various mines 
and extensive travels abroad. It will be found to 
commence with dissertations on the origin, indica- 
tions and means of preventing pit fires, followed by 
a description of all the best methods of effecting the 
subsequent recovery work. The examples cited of 
actual instances in practice, stripped of all superfluous 
matter, should facilitate the better understanding of 
same, and better enable the practical man to adopt 
the most suitable measures in face of an actual cata- 
strophe. Even though the conditions vary in cases 
of accident, the expert will be able to utilise the 
' experience detailed in these descriptions, partly in 
taking measures for preventing future disasters, 



VI PEEFACE. 



partly in sorting out proved measures and rejecting 
such as are unsuitable. 

In the case of pit fires, as in war, every possible 
expenditure of physical and mental power must be 
devoted to the task of saving life and property. 
Sometimies the end is only attainable after great 
trouble and careful labour, whilst at others a single 
act rapidly carried out has most important results. 
One can imagine the responsible position of a mine 
manager confronted, at the outbreak of a catastrophe, 
with the problem whether to increase the speed of 
the ventilating machinery or to stop it altogether, 
' the lives of many hundreds probably resting on his 
decision. The only way to success in recovery and 
rescue work is by adopting a suitable and systematic 
method based on the results of practical experience. 
That the present work may, if only to a limited 
degree, contribute to the solution of this most 
difficult of all tasks in mining, is the sincere hope 
of 

THE AUTHOR 
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I. CAUSES OF PIT FIEES. 

FiEES in collieries may arise from three causes : — 

1. Spontaneous ignition of the coal. 

2. Outbreak of fire in the timbering. 

3. Explosions of fire-damp. 

1. FiEES Eesulting from the . Spontaneous Ignition 

OF Coal. 

This, the most frequent source of pit fires, is liable to 
occur when small coal is left behind in the workings, or 
when, in consequence of defective management, the residual 
co£^l pillars are crumbled by the pressure to which they are 
exposed, the result of which is that, in the cracks and corners 
of the pillars, an accumulation of coal dust ensues and spon- 
taneous ignition follows. From the standpoint of national 
economy such methods of coal winning that allow a portion 
of the roof coal to be left behind must be regarded as waste- 
ful in the extreme. When the coal begins to fall quickly and 
irregularly, the miner naturally does not care to risk his life 
in drawing it away. Consequently a large proportion must be 
left behind in the goaf, the result of which is that the broken 
coal subsequently ignites, this condition ensuing all the earlier 
when the coal becomes mixed with the cover rock, which is 

frequently bituminous and endowed with a tendency to 

1 
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ignition. Thick seams are more particularly exposed to 
spontaneous combustion, the goaf being more especially 
liable to take fire with great readiness. The only way of 
preventing this danger in thick seams is by thoroughly pack- 
ing the goaf with uninflammable material, which, if necessary 
must be brought into the mine from outside sources. 

According to Muck, absorption of oxygen is the prime 
factor causing the spontaneous ignition of coal, i.e., a rapid 
oxidation (weathering) resulting in the formation of carbon 
dioxide and water — the decomposition of pyrites being of 
merely secondary importance in this connection. The latter 
phenomenon, which only occurs when moisture is present, 
is accompanied by a disengagement of heat which to some 
extent facilitates the oxygen absorption. 

Moisture alone has no influence on the weathering of 
coal. At the outset small coal absorbs oxygen at a more 
rapid rate than lump coal, and consequently the former will 
usually heat spontaneously to a greater extent and weather 
more quickly than the latter. 

According to Busse, the tendency of coal to weather is in 
the first place induced by the oxidation of hydrogen, then by 
the oxidation of carbon, and finally by the absorption of 
oxygen (up to 4 per cent.). As this tendency increases in 
proportion to the area of surface exposed to the air, it would 
appear to depend inversely on the size of the lumps and the 
porosity of the material — dense lump coal weathering less 
easily than coal dust. 

The presence of iro?i pyrites, though frequently assumed to 
play no important part in the origin of pit fires, nevertheless 
favours spontaneous heating in coal, especially where moist- 
ure gains access. In contact with air and moisture, pyrites 
suffers decomposition and is converted into ferrous sulphate 
(green vitriol), the chemical reaction being attended by a 
liberation of heat; which, under certain circumstances, may 
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set the coal on fire. Pyrites is a frequent cause of spontaneous 
ignition in coal stores and in packing goaf. It is an ore that 
rarely occurs in large masses, but is more usually distributed 
through the coal in the form of fine scales, or as crystals in 
shale and kidney-shaped masses of ironstone ; though at 
rarer intervals it is met with in the condition of continuous 
thin strata embedded in coal seams. Where pyrites is 
abundant in coal, care should be taken to raise it from the 
pit and separate it from the coal by picking. When the coal 
is treated by the aid of washing plant, the latter forms an 
excellent means of freeing it from pyrites. 

The picked or washed-out pyrites can be disposed of to 
the sulphuric acid manufacturer when present in sufiBcient 
quantity, thus obviating the danger attending its use as a 
packing material, whilst at the same time the quality of the 
coal is improved and an additional source of revenue 
established. Again, the presence of pyrites renders coal 
unsuitable for metallurgical purposes. 

The most instructive examples of the causes of pit fires 
are afforded by the conflagrations in the mines of Southern 
Hungary, originating, as they have been found to do, in a 
multiplicity of causes, such as : methods of working whereby 
small coal is left behind in the mine ; heavy rock pressure ; 
spontaneous heating of the packing material ; unequal moist- 
ure in the coal measures ; leaving behind large quantities 
of timber in the old workings, etc. 

In 1857, a fire originating in a residual coal pillar broke 
out at the Breuner shaft, the main seam of which, about 13 
feet thick, extended for a distance of 65 yards by 550 yards. 

The pit had in consequence to be abandoned, and con- 
tinued to burn for several decades ; and it was only after a 
prolonged and laborious task of dumping loam and sand 
down the shaft that the flames and smoke could be sup- 
pressed. As, however, in the winter of 1897-98, the mine 
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had cooled down sufficiently to allow the snow to lie un- 
melted round the upcast, the working will probably be 
resumed ere long. 

Proof of the causative influence of rock pressure on pit 
fires is afforded by the outbreak in the main seam at the 
Gustav shaft, the western boundary of which seam is formed 
by an extensive fault. In consequence of this fault the 
Thinnfeld main seam with the whole of the cover rock has 
been thrust over the Gustav seam and exerts an enormous 
pressure upon the latter. Furthermore, the coal in these 
seams is very easy working, whereas in other fields it has 
to be got by blasting. Now from the second level of the 
Gustav shaft — which level is 270 feet below bank and was 
begun in 1846 — down to the ninth, which is at a depth of 
1,443 feet, pit fires have been of frequent occurrence on each 
level, and in the vicinity of the said fault, so that the average 
during the last fifty years has been one fire every two years 
in this one set of workings alone. 

Moreover, owing to the somewhat steep pitch of the 
seams — the average angle being 60° — the great pressure of 
the cpver rock over the goaf causes the heat to be for the 
most part retained, its escape in an upward direction being 
prevented. 

According to the experience gained in Upper Silesia the 
presence of compact rock, affording an impenetrable cover 
after subsidence, favours the occurrence of pit fires. On the 
other hand, the spread of such fires — when once started — is 
more facilitated by the presence of a permeable cover rock 
which permits access of air from above ground. For this 
reason all fissures detected in the rock, in surface subsid- 
ences, etc., should be packed and stopped, and no small coal 
should be left behind in the workings. 

The heat developed in the materials used for packing the 
goaf, also greatly favours the occurrence of pit fires. For 
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instance, in former years the packing used at the Anina pits 
consisted almost exclusively of the sandy to slaty rock and 
gassy clay shale overlying the coal-bearing sandstone strata. 
This clay shale was won by driving transverse cuttings into 
the shale and allowing the roof to fall — a method not only 
dangerous to human life by direct accident from the falling 
material, but also leading to the formation of spaces where 
fire-damp could accumulate and whence it could be driven 
into the workings by the concussion due to further subsid- 
ences. From this cause an explosion, resulting in the death 
of two men and severe injury to seven others by burning, 
occurred in the Thinnfeld pit on 24th December, 1870, 
although the miners were provided with Heinbach safety 
lamps. The clay shale — which at that time constituted, in 
conjunction with the sandstone taken from cross drivages, 
about 50 per cent, of the total packing, the remainder being 
marl obtained from above bank — heated spontaneously to 
such an extent that the temperature in the workings rose 
to an average of 100° F., and even at present cannot be 
reduced below Se"" F., owing to the difficulty of excluding 
the aforesaid shale from the packing ; in fact it seldom falls 
lower than 95° F. As the working stages advance gradually 
from the lower to the upper sole, the temperature rises as 
the amount of packing increases ; and therefore, to prevent 
this as far as possible, it has for several years been the 
custom to divide the working section by two or three hori- 
zontal cuttings instead of leaving it all in one block extend- 
ing from one sole to the next higher one — a superficial height 
of 65-70 yards. By this means the advantage is obtained that 
in case of an outbreak of fire the area to be isolated is small. 
The use of waste rock from the headings is strictly pro- 
hibited for packing, as, in despite of penalties, it is only with 
great difficulty that the same can be kept free from the 
accompanying coal and shale. 
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Another predisposing cause of pit fires is the employment of 
old mine timbers in packing. The miners are readily inclined 
to this misuse, because it is very often diflBcult to convey the 
old timbers through the sloping drifts into the headings and 
up to bank, whilst on the other hand, they earn more money 
by secretly placing the timbers in such a manner as to leave 
hollow spaces and thus save the troublesome task of packing. 
Now, these spaces are soon logged with pit water, and also 
form dangerous centres for the accumulation of fire-damp. 
Furthermore, the air and moisture traversing the hollows 
also facilitate the weathering of the coal and the decomposi- 
tion of pyrites. 

Still another condition favouring outbreaks of fire is the 
leaving behind in the goaf of timber, rendered necessary 
by the method of working pursued, and which cannot be 
recovered without danger to life and limb. Experience 
shows that fires in the pit and waste heaps are usually 
generated and extend in and along the timbers enclosed in 
the coal or debris, possibly by reason of the accumulations 
of air and moisture between the wood and the coal, rock, 
etc. The careful stopping-up of old workings is a necessary 
task, though it forms no absolutely certain precaution against 
pit fires. 

The spontaneous ignition of coal is likewise facilitated by 
the slight current of air continually passing through the goaf, 
principally through abandoned headings — be they never so 
tightly packed. Air also gains access through the fissures 
quickly produced in safety pillars by the enormous pressure 
of the cover rock. Goaf fires of the worst type are generally 
produced when a considerable quantity of fine coal has been 
left behind among the packing material, and the ventilating 
current is insufficiently strong to keep the mass cool, though 
enough to support gradual combustion. 

With regard to the influence of moisture, it has been found 



CAUSES OF PIT FIRE8. 7 

in Anina that a little moisture — not decided wetness — con- 
tributes to the generation of pit fires, such fires having been 
repeatedly found to occur in the course of a few weeks after 
the water in the workings has been drained off in another 
direction, and the degree of moisture thereby reduced to a 
low figure. 

2. Fires Caused by Burning Timber. 

On 31st May, 1892, a fire causing a sacrifice of 319 lives, 
was produced in a pit at Pribram (Bohemia) through the 
ignition of timbering in consequence of the careless handling 
of an open lamp ; and the same cause led to the loss of 101 
miners out of a total staff of 144, at the Cleophas pit near 
Kattowitz (Silesia). In the Anina district such fires were of 
frequent occurrence prior to the universal adoption of the 
safety lamp in 1885. In one of these fires (at the Kiibeck 
shaft, 11th December, 1884) forty-eight lives were lost, in 
consequence of the spread of the after- damp^mainly com- 
posed of the murderous gases carbon monoxide and carbon 
dioxide — into the workings along with the ventilating current. 
Again, the shaft fire at the ZoUern pit (Westphalia), where 
forty-six lives were sacrificed through the ignition of a rope 
by an open lamp, will be still in remembrance. The careless 
handling of open lamps among fodder stored in underground 
stables is also a frequent cause of fire ; and carelessness in 
stoking a ventilating fire or a boiler fire underground may 
equally lead to a conflagration. 

With regard to fires caused by steam pipes, it is found that 
though these pipes are never hot enough to actually ignite 
adjoining timbers, these latter may, however, be gradually 
charred so that the surface of contact exposed to the air 
is considerably increased. The resulting loose mass then 
greedily absorbs oxygen, especially during cooling, and 
this may go on to such an extent as to produce ignition. 
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In consequence of the short circuiting of an electrical cable, 
a fire, resulting in a loss of sixteen lives, was started at 
the Herminegild shaft (Poln.-Ostrau) on 14th January, 1896. 
The cause was traced to a breakage of wire in the otherwise 
sound electric cable in the shaft — a circumstance which had 
hitherto received very little attention, and one regarded by 
the local experts as impossible of occurrence. 

3. Fires caused by Fire-damp Explosions. 

Numerous fires have resulted, in fiery mines, from the 
explosion of fire-damp or coal dust, due either to carelessness 
in the use of naked lights (e.g., smoking, opening the lamps, 
flaring), or by accidents in blasting, such as a blown-out shot 
or a spark from the igniter in firing the charge. In such 
case, the extra ventilation frequently necessary for ensuring 
the rescue of the men supplies an additional volume of 
fresh air to the still uncooled seat of the explosion and gives 
rise to fires, the flames of which may in turn ignite accu- 
mulations of fire-damp, especially that streaming into the 
workings from the goaf. When the ventilation is arrested 
and the site of the fire is isolated, there ensue repeated ex- 
plosions due to the formation of explosive mixtures of air 
and fresh gas escaping from the coal, until the available 
oxygen is for the most part consumed and has become in- 
sufficient to constitute such mixtures. The fire, however, 
will continue to rage in proportion as it receives an accession 
of oxygen whether in consequence of the defective per- 
formance of recovery work or of imperfect damming — the 
wood work, or any faggots in the packing, and even the 
coal forming centres of combustion. 

An accident in firing a blasting charge caused the ex- 
plosion and subsequent fire at Karwin (Silesia) on 14th 
June, 1894, in which the fatalities numbered 223 ; and also 
the explosion and pit fire at Anina on 24th October, 1894, 
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where forty-eight were killed and a large number severely 
injured from burns. The flaring of a miner's lamp pro- 
duced the fire-damp explosion at Eeschitza (Hungary) on 
23rd November, 1896 (eighty-two deaths), where the shaft, 
at a distance of over 1,300 yards from the seat of the ex- 
plosion, was destroyed by fire. 



II. PKEVENTIVE EEGULATIONS. 

The preccmtions against the dangers of shaft fires have been 
divided by Mining Councillor J. Mayer (in a paper on the 
conflagration at the ZoUern pit)^ into the following classes: — 

1. Precautions for preventing the occurrence, or retarding 
the rapid extension, of such fires. 

2. Precautions to be adopted, when a fire has broken out, 
in order to quickly localise the conflagration and isolate it 
from the rest of the workings. 

3. Precautions that must be resorted to when those 
described above prove inefficacious. 

1. The Outbreak and Eapid Extension of a Shaft* 
FiBE CAN BE Most Eeliably Prevented by Em- 
ploying LITTLE OR NO COMBUSTIBLE MATERIAL IN 

THE Construction of the Shaft. 

The intake air shaft should, therefore, be lined with 
masonry, concrete, or similar material, and the necessary 
internal fittings made of iron. Naturally, iron-lined shafts, 
wherein wooden posts — which may be hard or soft wood 
impregnated or unimpregnated — are sometimes largely em- 
ployed, cannot be regarded as fireproof. This was con- 
clusively shown by the fire in 1896 at the Herminegild shaft 
which was of this class. Hence, when iron is used for 
lining the shaft, the headings and haulage ways must also be 
made fireproof, or lined with iron, which lining must extend 

^ Oesterreichische Zeitschrift filr Berg- und HUttenwesen, 1898. No. 85. 
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from the loading places at least as far as the nearest air doors 
in the adjacent cross drivages. It is also advisable to con- 
struct these doors of iron, in order to prevent the spread of 
fire into the cross drivages. 

Such fireproof lining of intake air shafts, which generally 
also serve as winding shafts, is an economic necessity, and 
consequently, new installations of any size are nowadays 
almost exclusively fitted on this plan. It also frequently 
happens that in reconstructing timbered shafts a fireproof 
lining is provided. 

Nevertheless, there still remain a number of combined 
winding and ventilating shafts lined with timber ; and indeed 
it is a difl&cult matter to entirely exclude combustible materials 
from the shaft, many such materials — such as timberings 
fodder and straw for the horses employed in the pit, all kinds 
of cleaning waste and lubricants for the underground 
machinery, etc. — being necessarily lowered through such 
shafts and stored, even though only as a temporary measure^ 
in the loading places or shaft buildings at the pit mouth. 

The fireproof fitting of the shaft must also be extended to 
the adjacent buildings, etc., at the pit mouth, since a fire 
there would be attended with as great danger, if not greater^ 
to the working staff, owing to the risk of affecting the entire 
ingoing ventilating current, whereas in the case of a mere 
shaft fire, some of the divided air currents could, under certain 
circumstances, be maintained intact. The whole of the build- 
ings should therefore be made fire proof and insulated by 
means of fireproof walls or quick-closing iron doors, etc. 

Shafts lined partly or throughout with timber are particu- 
larly liable to take fire if dry ; and, when they contain steam 
pipes, the latter thoroughly dry any adjacent, imperfectly 
insulated timber and thus render it especially liable to 
burn. To prevent this desiccation, which moreover shortens 
the life of the timber, the whole of the wooden lining and 
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fittings must be regularly and thoroaghly moistened, an 
object best effected by sprinkling from a system of perforated 
water pipes arranged all round the shaft. Where the shaft 
contains a passage way for the miners, the sprinkhng must 
be suspended for a short time before the way is used. The 
steam pipes in the shaft must be protected from contact with 
the sprinkling water by means of sheet metal covers. 

A principal factor in the prevention of shaft fires is the 
mode of lighting selected and the proper supervision of same. 

Testimony in favour of the necessity of the universal 
adoption of closed lamps for miners' use, is aflforded in the 
following terms by H. Guttmann who for many years had the 
management of fiery lignite mines in North- West Bohemia 
and in Styria. He says : " What mining ofiBcial has not re- 
flected on the danger of open lamps in the hands of unin- 
telligent miners especially in traversing well-ventilated, dry 
galleries plentifully lined with wood timbering ? How often 
do we find, in haulage ways or working places, still-glowing 
particles of wick, which only require a single factor — only 
absent by accident — to become the cause of a pit fire ! How 
often do we find lamps hung, through negligence or for 
convenience, on the timbers in the working places, in such a 
manner as to char the wood ! Many pit fires of untraced 
origin must have been produced by the careless handling of 
open lamps. 

** Although the great danger of the naked light — especially 
in dry coal pits, and attaining its maximum where a large 
quantity of timbering is necessary — can be partly lessened by 
instructing the men and by strict supervision, it can never 
be entirely obviated ; and consequently one is not only justi- 
fied in advocating the abolition of open lamps, but even 
bound to do so.'' 

The task of converting an open oil lamp into a kind of 
lantern, and imparting to it the character of an oil safety lamp. 
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is by no means practically easy, owing to the poor light 
obtained after this conversion. The oil flame smokes, 
dirtying the glass and stopping up the air holes, etc., so that 
the illuminating power of the lamp is low. This circumstance 
accounts for the fact that it was only after the occurrence of 
many great accidents, and, for the most part, in consequence 
of official intervention, that the ordinary oil safety lamp 
gradually came into use. 

A further drawback of the lantern form of this safety 
lamp is the broad conical shadow which is cast by the large 
oil container and prevents the proper examination of the 
sole. 

The first-named defect is easily overcome by abolishing 
oil and employing benzine in the lamp,- and since the Wolf 
benzine lamp has come into general use it is found that this 
mineral oil bums with a uniform flame and gives at least 40 
per cent, more light than rape oil, without the wick requiring 
to be raised or the oil itself giving off smoke. It has also 
been proved to cost only one third as much as rape oil. 
Moreover, ovsdng to the smaller space required for the benzine^ 
the unwelcome shadow cast by the container can be con- 
siderably reduced. For these reasons, therefore, we must 
confine our attention to the benzine lamp, which, for use as a 
closed lamp for pits that are free from fire-damp, should be 
constructed on the following principles : — 

1. The general outline of the existing form of safety lamp 
should be retained as being the most durable and handiest. 

2. The lamp should be fed with benzine in order to com- 
bine good illuminating power with cheapness. 

3. When intended for use in non-fiery mines the con- 
struction of the lamp can be simplified, thus giving higher 
illuminating power than the present Wolf benzine lamp. 

4. The weight can at the same time be reduced to If lb. 

5. By making the container of conical shape and using 
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transparent material for the bottom on which it rests, the 
conical shadow can be reduced to minimum dimensions. 

6. The provision of a locking device which cannot possibly 
be opened by the miner alone is indispensable. 

7. When an igniter can be attached to the lamp without 
reducing its lighting power, this should be done. 

After the aforesaid timber fire in 1884 the whole of the 
coal pits at Anina, even those classed as '* non-fiery," were 
provided with the Miiseler safety oil-lamp, which was after- 
wards replaced by the Wolf benzine safety lamp. Since that 
time there has been no recurrence of fires through the ignition 
of timbering. The saving eiffected in the change from the 
Miiseler lamp to the benzine lamp in the whole of the South 
Hungarian collieries, employing a total of 5,000 men, was 
estimated in 1896 at 25,000 florins (over £2,000). This may 
be accounted for to some extent by the circumstance that 
some of the men used to steal the oil, but ceased to practise 
this theft on the introduction of benzine. In dangerous fiery 
mines the loading places have necessarily to be lighted with 
safety lamps alone, in view of the possible dangers from 
fire-damp and coal dust ; but in mines less infested with 
fire-damp, and in all others, open lights are permissible. 

It must not, however, be understood that the term " open 
lights " used in the Fire-damp Eegulations invariably means 
an open lamp flame as opposed to safety-lamp illumination. 
In particular the use of open flame lamps is impermissible 
in shafts liable to fire risks, especially where all kinds of 
combustible materials, such as hay and straw for the pit 
horses, even when — as ordinary care necessitates — they are 
enclosed in less inflammable covers, such as sacking, etc. 

Thus, even where open lights are permitted, they must in 
many instances be protected externally, i.e., a kind of lantern 
or other enclosed lamp must be used ; for example, in under- 
ground stables, in storehouses for inflammable materials, in 
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timbered parts of the mine where the wood is dry and in 
many cases splintered by the heavy pressure of the cover 
rock. In many pits where open lights are allowed, the load- 
ing places are preferably lighted with large safety lamps, 
i.e., powerful lamps constructed on the lines of the safety 
lamp, the flame being protected by a glass chimney and a 
wire-gauze cylinder. It is also advisable to set up in loading 
places electric safety lamps, since these can always be main- 
tained in good working order and may do good service, at all 
events at the most critical moment, in case of the sudden 
extinction of all the other lamps. 

Telephonic communication between connected shafts and 
from thence to the manager's office is of great value. It may 
be mentioned that in the case of the shaft fire at Eeschitza, 
already alluded to, in 1896, the telephone wire leading from 
the manager's office to the shaft, via the main drift, was 
destroyed by the force of the explosion, and that, in con- 
sequence, the delayed rescue work was unsuccessful. 

A sufficient number of hydrants for the rapid extinction of 
an outbreak of fire should be provided in the buildings at the 
pit mouth. Great value also attaches to the provision of 
a few signalling appliances that can be readily manipulated 
from the cage at any part of the shaft, since in the case of 
rescue work — whether with or without respiratory apparatus 
— it is very useful to be able to communicate rapidly and with 
certainty between the pit mouth and the rescue parties. 

With regard to reliable signalling appliances it may be 
mentioned that Siemens andHalske of Berlin have developed 
a system based on railway signalling apparatus. The use of 
magnetic induction apparatus plays a considerable part in 
this system, the reliable action of these sources of current 
being unapproachable by batteries. Nevertheless cases arise 
in mines where batteries alone are suitable, e.g., when it is a 
matter of signalling from selected points. 
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A small induction apparatus for pit work is shown in 
Plate v., Fig. 1. A Siemens double-T armature, enclosed by 
the poles of a number of powerful steel horseshoe magnets, 
is coupled, by means of ratchet and pawl gear, to a crank in 
such a manner that the armature is set in motion only when 
the crank is turned to the right, but remains at rest if 
the crank is moved in the opposite direction. By this means, 
and by the provision, on the back plate, of lugs against which 
the crank handle strikes on being moved backwards and for- 
wards, it becomes possible to transmit well defined signals. 

The electric bell signal^ or alarm (Plate V., Fig. 2), which 
receives and is actuated by the alternating currents generated 
in the induction apparatus, consists principally of an electro- 
magnet, over the poles of which is freely suspended a soft 
iron armature influenced by a permanent steel magnet. This 
armature carries a hammer which, under the influence of the 
alternating current traversing the bobbins of the electro- 
magnet, strikes alternately on the two powerful bells mounted 
on the base plate. 

For communication between stations the telephone is 
used. A pit telephone, such as shown in Plate V., Fig. 3, 
is employed in conjunction with the signalling appliances, 
and is usually provided with a microphone attachment for 
increasing sound and rendering the messages more clearly 
audible. 

To protect apparatus of this kind from damage by shock 
and from the injurious influence of the pit atmosphere and 
moisture they should all be enclosed in strong, water-tight 
metallic cases. Suitable conducting cables for pit use are 
employed to connect the above-mentioned parts of the various 
signalling devices. 

In order to test the suitability of the pit air for respira- 
tion, ordinary lighted lamps are mounted in the cages. They 
do not, however, afford any accurate criterion in the case 
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of air impregnated with carbon monoxide, as was proved at 
the Herminegild shaft fire, where a safety lamp was found 
burning in one of the stalls near the body of an asphyxiated 
horse. 

With regard to the appointment of rescue stations above 
and below ground, with their appurtenances, such as re- 
spiratory apparatus, electric safety lamps, axes, hammers, 
nails, stretchers, etc., this matter will be dealt with in 
Chapter VI. 

2. Precautions for Eapidly Localising an Outbreak 

OF Fire in the Shaft. 

Here a distinction may be drawn between fires in the 
buildings and gear at the pit mouth and -jthose occurring 
within the shaft itself. With regard to the former case, the 
most important stej) to be taken is the closing of the intake 
ventilating shaft by suitable iron flap doors on the kerb — the air 
supply and other communication with the intalfe shaft being 
effected through a special brick-lined conduit or gallery 
placed below the mouth of the pit and debouching some 
distance from the shaft at a situation protected from fire. 
In the Ostrau-Karwin district the provision of such a conduit 
and the necessary appurtenances is prescribed for all coal 
pits, by the Mining Police Eegulations. In the case, how- 
ever, of an outbreak of fire in the intake ventilating shaft 
itself, these precautions are insufficient, and may, indeed, 
become a source of danger. When such an outbreak occurs 
the air supply must be cut off in the intake levels nearest the 
loading places. The aforesaid Mining Police Eegulations for 
the Ostrau-Karwin district deal with this contingency as 
follows : " In the case of pits provided with several intake 
ventilating shafts, doors must be erected in all levels opening 

into any shaft liable to be endangered by fire. These doors, 

2 
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nsually left open, must be closed in case of a shaft fire in 
order to isolate the shaft from the workings, the ventila- 
tion being effected through the other intakes that still 
remain intact. In pits with only a single intake air shaft 
the ventilator must be stopped and endeavours made to 
produce an up draught in the burning shaft and reverse the 
entire ventilating current throughout the pit.*' Mayer recom- 
mends the provision of reserve doors for the intake levels 
in all cases, in order to ensure the safety of the endangered 
miners and of the pit. 

The object of such reserve doors near the loading places on 
the different levels is to prevent the flow of contaminated and 
smoke-laden air from a burning shaft into the workings. 
The stoppage of the ventilating fan is not sufficient to effect 
this at once, because, as a rule, the air ascending the upcast 
ventilating shafts is warmer than the incoming air, and 
consequently the natural circulation is still maintained after 
the fan has been stopped — the result being the conveyance of 
smoke fumes into the workings.' In addition, the reserve 
doors are intended to keep the smoke above ground in case 
of a fire in the buildings at the pit mouth, particularly when 
the shaft cannot be closed in time by the flaps on the curb, 
or when these appliances get out of order. 

The task of looking after all these reserve doors in the 
various levels is entrusted to the setters-on employed at the 
loading places. As a rule, the number of air intake levels is 
few ; in many cases only one, which serves at the same time 
as the main haulage way and is always occupied by loaders 
during working hours. These men, in the event of an inrush 
of smoke fumes to the pit — whether from a shaft fire or from 
an outbreak above bank — have only to retreat behind the 
reserve doors and make the latter air-tight after closing them. 
Their next task is to warn the miners in the workings of the 
danger, so that the latter may escape by the upcast air shafts. 
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which they will have time to do in safety if all the doors 
have been simultaneously closed on the various levels. 

Valuable service may also be rendered by these doors in 
other pit accidents, such for instance as a fire in a timbered 
intake cross drivage — or in a stable situated therein— opening 
into the shaft, and from which smoke fumes might be con- 
veyed with the air current into other parts of the workings. 
Thus if the miners have fled from such a fire centre to the 
shaft, the rescue of all in danger may, under certain circum- 
stances, be facilitated by the closing of such reserve doors 
and stopping the current of air or smoke. Of course care 
would be necessary to ensure a provision of fresh air from 
other ventilating currents to the endangered miners. 

The greatest degree of danger in pit fires arises when only a 
single intake air shaft is available, because in such event any 
injury to. the main intake current is fraught with great 
danger to the whole of the staff in the mine. If it has been 
possible to close all the doors in the various intake levels the 
burning shaft will thus be isolated and the endangered men 
saved. No well-founded objection can be urged against a 
short stoppage of the intake air current and fan, since the 
staff will be rescued in a very brief space of time and the 
extinction of the fire can be afterwards even more quickly 
accomplished by deluging it with water, whereupon the doors 
can be immediately reopened and ventilation resumed. It is 
advisable to make the loading places in the shaft fireproof 
and to construct the reserve doors of iron. 

Where the pit is provided with several intake air shafts, 
the danger to the underground staff is reduced considerably ; 
since, in case one of the intake currents is affected, the others 
will serve to preserve safety, in case the prescribed procedure 
for rescue work proves unsuccessful. Such a contingency 
will also ensue in pits with only a single ventilating intake, 
when the doors on only a few of the intake levels can be 
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closed, because in this case the miners can assemble in those 
portions where the smoke fumes are shut out, and wait until 
further steps are taken to get them out in safety. 

Should the pit be ventilated by a number of separate air 
systems from different intakes, it is advisable to keep the 
separated currents as close together as possible, in order to 
facilitate the flight of the miners from one system to another 
in different parts of the pit. 

Precautions to be taken in case of failure to isolate a burning 
shaft. — It has already been stated that a burning shaft will 
soon begin to act as an upcast ventilator. This, however, 
will not always happen with sufficient rapidity — especially 
when the ventilating current is very strong — to enable the 
total underground staff to be rescued. As under these 
circumstances a brief interval of time may be of the utmost 
importance the following arrangement devised for the twelve 
intake (winding) shafts at the Kaiser-Ferdinands-Nordbahn 
colliery at Ostrau are of interest. Here the precautions 
adopted enable the ventilating current to be reversed in 
the intake shafts immediately the fans have been stopped, 
so that each shaft can be converted — though with a limited 
degree of efficiency — into an upcast. To effect this, not only 
is the shaft closed by flap doors on the curb, and the air 
diverted through a lateral conduit, so that the ventilation 
can be maintained after the burning shaft is closed at the top, 
but this conduit is also connected with the boiler chimney. 
Ordinarily the conduit is kept shut by means of a sliding 
damper which is only opened when the ventilation is to be 
reversed. In most of these shafts a Korting injector exhaust 
apparatus is fitted up at the mouth of the conduit, and can 
be started directly the shaft doors are closed and the damper 
opened. 

The general arrangement is shown in the sketch, Plate I., 
Fig. 6. Here S is the winding and air intake shaft over 
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which are fitted the iron flaps, G H, mounted on hinges and 
raised or lowered by winches, M and N. The passage way, 
F is also fitted with an iron door at the top, and branches off 
near the mouth into the ventilating or safety conduit, K, 
which, at its further end (12 to 20 yards, or more, distant) is 
fitted with a Korting exhaust, B, fed through a steam pipe, 
D. The form and dimensions of the conduit are set forth in 
the cross section through, A-B. In the event of a fire in the 
pithead buildings, the door, T, is opened and the conduit is 
utilised for admitting air and for rescuing the men under- 
ground. If fire breaks out in the shaft, the door, T, is closed 
and the injector set to work. In either event the flap 
doors, G and H, must be closed. 

During the last few years a greater degree of strictness 
has been introduced into the Mining Police Eegulations in 
almost all countries with regard to reducing the risk of fire 
in shafts. For example, the regulations laid down in 1896, 
for mines within the kingdom of Saxony, prescribe that : 

" Provision must be made in every main shaft for quickly 
shutting same either at the bank or a short distance below 
in the event of alfire in the pithead buildings. Moreover, in 
the case of each shaft used as a passage way and constituting 
the sole means of exit from the pit, a lateral traversable 
conduit must be provided and arranged so as to debouch out- 
side the pithead buildings ; and the shaft must be lined with 
masonry or iron from its mouth to the floor level of the 
said conduit." 

The closing of the shaft is to prevent any burning frag- 
ments falling from the building above, and thus setting the 
shaft on fire ; as well as to keep back any inrush of smoke 
and fumes. It was owing to similar precautions that on the 
occasion of a fire in the buildings at No. 1 shaft of the 
Zwickau-Briickenberg Colliery in March, 1874, the large 
staff of miners in the workings were enabled, in spite of the 
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fire raging above them, to escape through the shaft to which 
they belonged and make their way to and ascend to bank 
through another shaft by way of a heading about 330 feet 
below the surface ; and it was on the basis of this result that 
the new regulations were drawn up. Attempts have been 
made to exempt lignite mines from these restrictions, but in 
consequence of the recent fires in lignite pits in Bohemia and 
Niederlausitz these endeavours have proved unsuccessful, and 
it has been determined that applications for dispensation must 
be decided on their individual merits as hitherto. Such ex- 
ceptions may be constituted by shafts provided with iron 
head gear and buildings. 

This cor)duit is essential for each shaft used as a passage 
way so far as such shaft forms the sole means of exit from 
the pit — an exceptional case — whereas the covering is pre- 
scribed for main shafts alone. Nevertheless, exception is 
frequently considered impossible, both in respect of the 
covering and also of the conduit ; and is only granted under 
special circumstances when the sinking of deeper shafts for 
coal mines is in question, i.e., in the case foreseen in the 
following portion of the regulations, the provisions of a 
special refuge exit is deferred. According to this regulation 
the presence of a single exit sufiices in the case of a new 
coal pit or lignite mine until such time as the coal is met 
with in winnable quantity ; and the second exit, which must 
be provided immediately, is connected with the first by a 
drivage. Furthermore, even when several shafts are present, 
the provision of a conduit of the kind in question is of great 
value, in view of the possibility of a fire in the pithead 
buildings — at least so far as intake shafts are concerned. 
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3. Pbeoautions to be Adopted in case those under 
1 AND 2 Fail or Prove Inefficient. 

This contingency occurs, for example, in all pits which 
are unprovided with safety appliances of the above descrip- 
tion and happen to be overtaken by such a catastrophe. 

In such event the rescue of the endangered staff and the 
recovery of the mine must be attempted by special means, 
namely, rescue or respir£j,tory apparatus (see Chaps. IV. 
and VI.). 

PBEOAUTIONS AGAINST SPONTANEOUS IGNITION OF 

COAL. 

To afford protection against this spontaneous ignition of 
coal, the working should be as cleanly as possible and the 
packing material dry. The latter should not liberate any 
^eat amount of heat in decomposing. 

In the case of thick seams the practice is gradually being 
adopted of packing the workings with rock. Thus, in the 
fiery mines of Southern Hungary, all seams over 10 feet in 
thickness are now packed with material, at least part of 
which is brought from above ground. 

The following are the chief difficulties of the pillar 
system, formerly in general use in Upper Silesia, in com- 
parison with goaf packing. 

1. The dangers naturally attending the working of a 
thick seam in a single stage. 

2. The increased influx of water in consequence of roof- 
falls, a circumstance of the greater importance in proportion 
as the working is carried on under loose water-bearing 
strata. 

3. The occasional impossibility of taking out the full 
thickness of very thick seams. The insertion of props of a 
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length required by the thickness of the seam is out of the 
question, owing to the insignificant dimensions of the shaft 
and headings ; consequently a certain amount of coal must 
be left either in the roof or sole ; the result being that, when 
the other customary losses are considered, the amount of coal 
recovered becomes comparatively small. 

4. The often considerable slope of the seam tends to 
favour spontaneous ignition, in consequence of which evil 
there arise : — 

5. Irregularities in work, consisting in a considerable 
reduction in the output through the damming up of burning 
winze workings, and the difficulty and inconveniences of 
transferring the miners to other parts. 

Goaf packing has been employed to replace pillars in the 
Shuckmann seam of the Konigin Luise Colliery, the thick- 
ness of which seam attains 46 feet. 

The area where this experiment was made measures 
98 feet in height and about 660 feet in length. The seam 
dips at an angle of 65 degrees, and measures about 65 feet 
horizontally from sole to roof. In order that the work of 
coal-getting should not be interrupted by the work of 
packing this experimental section, which is in the eastern 
portion, two superimposed inclines have been provided on 
the western side of the section, the upper one being used 
as a haulage way for coal and the other for lowering the 
packing. The first working heading is driven from the 
lowest end of the coal haulage way to the boundary of the 
field, and the coal is taken out towards home in a horizontal 
direction, in breadths of 16 feet with a height of 13 feet,, 
right up along the face as far as the incline. In proportion 
as the work of coal-getting proceeds, so the packing is con- 
veyed to the boundary through a haulage- way 6 feet higher 
than the other. As the space to be packed is 13 feet high,, 
whereas the haulage-way is only 6 feet above the floor, the 
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lower 6-foot space is filled by tipping the tubs, and the upper 
portion is filled up by hand. When sufficient has been 
taken out of the under layer, a second layer is proceeded 
with ; but, in order to keep the coal from this second layer 
from mixing with the underlying packing, the roof of the 
under layer is planked over during the whole time the coal 
is being taken out. The necessary packing material is 
obtained from the waste in driving new headings, etc. If 
this is found insufficient later on, the intention is to use the 
waste stones from the washing plant for the same purpose. 

The coal districts of Upper Silesia have very frequently 
been the scene of pit fires. A detailed description will now 
be given of the methods employed for combating pit fires in 
a Silesian colliery. The Fanny-Chass6e, near Laurahiitta. 

This pit was in work about the beginning of the nineteenth 
century, but at a very early period difficulties arose from the 
extremely violent outbreaks of fire. 

At first the origin of these was somewhat obscure, and it 
was thought that they spread from above ground, namely, 
that, owing to the breakage of pillars in the Fanny seam, 
near its outcrop, glowing masses of slag from the neighbour- 
ing zinc smelting furnaces had fallen into the mine, along 
with other debris, and produced the fire. 

At first it was imagined that the extension of the fires 
could be effectually prevented by isolating the workings with 
dams of wood and masonry, but it was very soon found that 
such hopes were illusory. On the one hand, the dams could 
not withstand the heat and pressure, and, on the other, coal 
began to crack near the dams, so that the inrush of gas and 
fire into the workings could not be prevented. Even when 
the dams were carefully plastered with lime, the fire fre- 
quently ate its way through the fissures filled with fine coal 
dust, the consequence being that the coal in front of the 
dams often took fire, and the same extended to the timber. 
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There was then no other course open than to pull down the 
burning coal by the aid of long hooks and quench the fire 
with water from hose, a task naturally one of great danger. 
Not only did the men suffer a great deal from the heat, but 
it not infrequently happened that the ventilating current 
suddenly reversed and drove the smoke and fumes in their 
faces. Under these circumstances it was often a matter 
of great difficulty for the workers to make their escape by 
retiring behind a second so-called " rescue dam," which was 
already prepared and could be quickly closed, the doors being 
set ready for hanging near by. 

Necessity soon arose for abandoning whole portions of 
the field, but still it was found impossible to entirely exclude 
the. fire from the workings. To attain this object, trials were 
made with water-tight dams, behind which water was let 
down from the bank until the fire was properly extinguished. 
Nevertheless, the dams and coal pillars could not stand the 
weight of the accumulated water, and the latter broke through 
into the low-lying workings. The water itself, when it 
traversed the seat of the fire, was naturally rendered acid 
by the combustion products of sulphur, and began to corrode 
the pumps. In consequence of the defective results attending 
this attempt, and the heavy expenses, this method of com- 
bating the fire was finally abandoned, and recourse was had to 
a means from which success was confidently anticipated. 

On the basis of the aforesaid hypothesis that the fire was 
communicated from the above ground to the old workings it 
was still thought justifiable to conclude that, if the fire could 
be completely dammed up, its extinction would follow. Con- 
sequently in the three seams ^ the 10-foot thick pillar of coal 

^ The Fanny seam (the upper seam), 26 inches thick. 
Gltick's seam, 6^ inches thick. 

Caroline seam (lower seam), 19 inches to 23 inches thick. 
The rock between the two upper seams consists of bituminous shale 
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was left standing all round the seat of the fire, and masonry 
dams of sufficient strength were very carefully built in all the 
headings traversing this pillar. It was thought that this 
measure had proved effective, because a few of the sections 
near the pillar were successfully worked out ; but suddenly 
the fire broke out anew in the Fanny seam, in newly-cleared 
veorkings entirely distinct from the seat of the old fire. 

As the cause of this could not be attributed to negligence 
or malicious action, and further as it was impossible the 
fire could have been communicated from above ground, the 
opinion was finally arrived at that the coal had a tendency to 
spontaneous ignition. 

In order to confirm this view large masses of coal were 
thrown up in heaps above ground. Nevertheless, contrary 
to expectation, no ignition occurred. Simultaneously, how- 
ever, it was noticed that the fire invariably occurred in the 
two upper seams but never in the Caroline seam. Attention 
was therefore directed to the nature of the rock accompanjdng 
those two seams, and it was found that this contained layers 
of bituminous shale plentifully interspersed with pyrites. Ex- 
periments immediately confirmed the decomposition of this 
pyrites as the cause of the pit fires, 100 tubs of this rock re- 
covered from the goaf and tipped in a heap above ground taking 
fire in a very short time. 

Although this proved that the cause of the pit fires must 
be ascribed to the spontaneous ignition of this fiery shale in 
the goaf, nevertheless the fact remained that the fire would 
continually follow the further working of the pit. Conse- 
quently the task arose of arranging the ventilation methods 
of working, etc., in such a manner as, on the one hand, to 

thickly interspersed with pyrites, and measures about 10 inches thick ; that 
between the two lower seams consists of shale and cloddy sandstone, and 
measures over 80 inches thick. All three seams contain very pure coal, 
and are full of fissures with fine coal dust. 
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restrain outbreaks of fire as long as possible, and on the other 
hand to keep within narrow limits any fire that should arise. 

The consideration that a certain amount of time is 
necessary to the decomposition of the fiery shale naturally 
led to attempts to utilise the interval, between the com- 
mencement of working and the outbreak of fire in any given 
section, for clearing the seam of coal. As, however, the 
pillars could be worked quicker in proportion to the number 
of points of attack, it was decided to work the sections from 
both boundaries at once. Furthermore, the length of the 
individual sections was made smaller than formerly, and in 
fact limited to 330 feet. As, however, this reduction in 
length enables a larger number of winzes to be worked 
simultaneously, it was considered that in case the necessity 
should arise for isolating individual sections there would still 
be a sufficient number of working points available. In order 
to enable the section to be shut off at any time without delay > 
the heading driven from the draining level to the first work- 
ing face, and also the incline, were provided with masonry 
dams 40 inches thick, deeply sunk into the walls, roof and 
sole. Openings were provided in the dams of the inclines 
and both haulage ways, for the purpose of haulage and venti- 
lation, sufficient bricks and mortar being kept near by to 
rapidly close these openings in case of need. 

The coal in all three seams being very much fissured, the 
headings were plastered over with mortar on roof, walls, and 
sole, for some distance, to prevent, on the one hand, the access 
of fresh air to any fire that might break out, and, on the other, 
to keep back the smoke fumes from penetrating the other 
workings in the pit. 

The method of ventilation formerly employed was that 
in general use in Upper Silesia, i.e., the air current was 
directed along the lower heading into the different sections 
and allowed to stream along the working face, escaping 
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thence through an air way on the upper boundary of the 
workings to the upcast. 

This system, however, did not answer at the Fanny- 
Chassee pit, the fumes from the seat of the fire rendering 
the air way impassable and preventing the execution of 
repairs to the timbering. Consequently the air way was 
frequently obstructed by falls, and the fumes thus prevented 
from escaping were driven back into the working sections 
farther in the rear, so that it became necessary to pro- 
vide special and separate ventilation for each section. 
This, however, could only be done by appointing a separate 
way for the waste air from each, which was effected by 
sinking separate boreholes to serve as upcasts near the upper 
limit of the workings in each section. As in many cases the 
draught was insufficient to ensure proper ventilation, chimney 
shafts about 30 feet high were built over the mouths of the 
boreholes, or else Korting injectors were provided to increase 
the draught. By this means the air current can be kept 
under control, a circumstance of great importance in case of 
fire. 

When the preparatory work of fitting out the section has 
been completed, and the masonry dams put up, the coal is 
got in the usual manner. In order, however, to enable as 
many stalls as possible to be worked before the dreaded out- 
break has time to develop, the working places are strongly 
manned and coal-getting proceeded with at a very rapid rate. 
Wooden doors are erected in the heading immediately in 
front of the stalls in work, in order to entirely cut off the 
supply of fresh air when the work is suspended. 

When a fire occurs, the particular section attacked is 
abandoned and the masonry dams are made air-tight, so as 
to cut off the access of air to the fire. In order, however, 
to afford a means of examining the progress or extinction of 
the fire, the main dam in the lower heading is provided with 
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a circular peep hole, closed by a wooden plug. A thermo- 
meter is also hung against the dam to indicate the rise or 
fall of the temperature behind the latter. Should a persistent 
diminution be observed^ and no outrush of smoke and hot 
air can be detected on opening the peep hole, then work 
may be resumed after a copious supply of air has been passed 
through the isolated section for a considerable time, in order 
to drive away the accumulated choke-damp. After inspection 
with a safety lamp, the necessary recovery work is then 
undertaken as quickly as possible, and work is resumed until 
another outbreak of fire necessitates its cessation once more 
and the repetition of the precautions described above. 

It having been discovered that the fires are fed with air 
penetrating into the goaf through surface fissures, all cracks 
that can be detected are carefully filled up and rammed tight. 

Since the introduction of all those precautions the pro- 
portion of waste in working has been considerably reduced, 
and the work can now be carried on with regularity and 
greater safety to the miners engaged. 

Goaf packing is becoming more and more appreciated in 
the Zwickau Colliery (Saxony). Where there are two seams 
separated by only a short interval and fire breaks out, or is 
feared, after the upper one has been worked, the underlying 
seam is taken out, packing being resorted to, because, in 
robbing, the roof would fall and admit fumes from the upper 
seam. In re-opening a section closed on account of fire, the 
whole workings are packed in many of the pits. At several 
collieries, packing is used in the slow task of taking out thick 
seams having a tendency to ignition, because this procedure 
obviates the removal of props and the breaking down of the 
coal-bearing strata of the roof, even the expense of raising 
the packing by means of air winches being often willingly in- 
curred. In the soft coal seams in the north-west field of the 
Wilhelm, No. 1, shaft of the Zwickau-Oberhohndorf Colliery 
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Company the method pursued for many years of taking out 
the under six-foot seam first, packing the goaf, and then 
working the upper eight-foot seam, has proved satisfactory^ 
enabling the coal to be taken out clean, preventing fires, in- 
creasing the safety of the men and giving a larger yield of 
lump coal. The system of goaf packing has also proved the 
best method for enabling the coal to be taken out clean and 
preventing roof falls and pit fires, in several other collieries 
in the same district. 

Again, at the Kaiser pit, Gersdorf, the main seam is taken 
out first and tightly packed, in order to obviate the constant 
danger of fire breaking out in the sections where the inter- 
mediate strata between the main seam and the overlying 
Vertrauen seam was only 40 inches thick, the latter seam 
being taken out later. Up to now this precaution has been 
successful, and it offers the additional advantage that the 
timbers, employed in working the first seam, can be used 
over again. The main seam, in the southern portion of the 
field, where it attains a thickness of over 10 feet, is also 
taken out clean and packed. The repeated attempts madel)y 
the author, in the Kladno coal basin of Bohemia, to take out 
a 20-foot seam in two separate portions, were frustrated on 
account of the expense.^ 

In every coal district the risk of fire entails special modi-^ 
fications in the preparatory work and method of coal getting, 
commensurate with the prevailing local conditions. Since,^ 
however, even a superficial description of all these points 
would far exceed the limits of the present work, nothing 
more can be given than a general resume of the precautions 

^ As far back as 1868 Dworak characterised the method ^employed at 
Kladno — undercutting and fall — as wasteful, dangerous to life, and leaving 
unwon an incalculably large proportion of the coal, whereby an inducement 
to spontaneous ignition was afforded. Nevertheless, on account of the pre- 
vailing conditions of competition, it has been impossible up to the present 
time to substitute a method in which packing is employed. 
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adopted against the spontaneous ignition of coal, and natur- 
ally these will not meet the requirements of every case. 
They are as follows : — 

(a) Getting out the coal as clean as possible. 

(b) Efi&cient goaf packing (a very efi&cacious but costly 
preventive). 

(c) Isolation of abandoned sections by means of substan- 
tial dams, after clearing out the pillars of the bord and 
pillar system. 

(d) Avoiding the practice of opening too large a working 
section by means of headings and pillars at any one time, 
and making it a rule to finish up a section as quickly as 
possible after it has been commenced. 

(e) The entire removal of all small coal from the work- 
ings. 

(/) Ventilating the heaps of smalls by means of bricked air 
conduits or large faggots, or totally immersing them in water. 

(g) Carefully removing all water from the workings. 

{h) Providing a brisk ventilating current wherever the 
<3oal is of a readily inflammable nature. 

(i) Stopping up air-tight all cracks and fissures in the 
coal. 

Successful use in combating pit fires can be made of the 
supply of water under pressure provided in many pits for 
removing coal dust, and for special ventilation purposes. 

The; complete isolation of the goaf is never attained by 
means of dams, and the slight draught consequently traversing 
the goaf has always the advantage of preventing accumula- 
tions of fire-damp in the old workings, although it greatly 
facilitates the spontaneous ignition of any residual coal and 
timber therein. In addition to this, any total exclusion of 
air would probably cause a rise in the goaf temperature. 

With regard to the necessity for partly isolating fiery 
sections of the workings by means of dams, before any actual 
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outbreak, this question has previously been treated by the 
author in a pamphlet on an explosion of coal dust at Anina, 
the explosion itself as well as the succeeding pit fire, and 
the recovery work consequent thereupon, being dealt with 
in the following terms : — 

**0n consideration of the numerous dangers attending 
the isolation of the seat of a pit fire by dams, after an ex- 
plosion or an outbreak of fire, and how frequently it must 
happen that such dams can then be put up only in a very 
hasty fashion, thereby forming a centre for fresh catastrophes ; 
furthermore, how often the dams so erected prove worth- 
less owing to the lack of time necessary to the selection of 
the most suitable position for same ; it would seem advisable 
to provide the ways, leading to particularly dangerous parts 
of the workings, vnth doorways of masonry before an out- 
break of fire or an explosion. In several of the Kladno 
collieries (Bohemia), even where no fire-damp has to be 
combated, doors of this kind are built in before the com- 
mencement of coal getting, so that any fire occurring in 
the working section can be immediately isolated by dams. 
Strong log doors accurately fitting these doorways are placed 
ready near by, and can be put in position on the occurrence 
of an outbreak, the remainder of the aperture being then 
bricked up immediately." 

In one instance, at the Bresson shaft (Kladno) the author 
succeeded in thoroughly isolating an extensive fire centre 
perfectly air-tight by this means VTithin the term of an eight- 
hour shift. These brickwork or cement doorways would be 
valuable both in case of a true pit fire and of a fire caused 
by one or more explosions. 

In each level at the Ferdinand Colliery^ (Myslowitz- 
Kattowitz district), brick dams are provided in the vicinity 

^ Zeitschrift fUr Berg-HUtten- und Salhien-Wesen^ 1898, vol. 46, p. 129. 

3 
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of each shaft, and enable the various shafts to be completely 
isolated from one another and from the workings. A dia- 
gram, showing the relative position of the dams, galleries, 
and shafts at the various levels, is hung up in the oflBce of 
the responsible manager, and each ofl&cial on the works is 
provided with several copies, in order that any strange 
ofi&cials, offering their assistance in an emergency, may be 
able to find their way about in the mine without delay. 
Their difiSculties are lightened by the fact that the dams 
are legibly marked with numbers, both in the drawings and 
in the pit. A similar arrangement is being carried out in 
other large collieries in this district. 

The method of working by means of sloping ways driven 
round the field, such as is practised in Anina, in the drainage 
galleries, in the unworkable under seam, 33 feet from the 
main seam, cannot be regarded as a preventive against 
pit fires, though the presence of such ways greatly facilitates 
their extinction. In one case, owing to the absence of such 
a way, the pit had to be abandoned, and in another the pro- 
vision of a heading enabled an extremely dangerous outbreak 
of fire to be localised. Furthermore, the ventilation of and 
haulage in other parts of the workings can be effected through 
these headings whilst a fire is in progress, so that their con- 
struction, in the course of driving through unworkable seams 
or mild rock, may be warmly recommended when local geog- 
nostic conditions permit. The apparently high cost is often 
counter-balanced by the fact that such a heading will form 
a second haulage way, and that, where the seams are ex- 
posed to heavy pressure, the lower gallery can be quickly 
abandoned and the whole of the ventilation, drainage and 
haulage carried on in the more permanent heading. In this 
event the goaf above the drainage gallery can be shut off quite 
air-tight by dams in the connecting cross-drivages. 

The great importance of having a powerful current of 
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fresh air always available when a fire has to be extinguished, 
has been shown in the case of numerous fires in the coal pits 
of Southern Hungary. Again in the Maria Colliery (Aachen) 
the fire in one section of the 1,837 foot level was extinguished 
by passing the whole of the ventilating current — about 21,200 
cubic feet per minute — directly through the wing leading to 
the seat of the outbreak, this being done in order to enable 
the necessary measures to be adopted for putting out the 
fire. The highly risky experiment succeeded, the immense 
volume of fresh air cooling down the headings to such an 
extent that the men were able to work right underneath the 
flames and to continually reduce the burning area by erect- 
ing dams of clay and turf, total extinction being accomplished 
after fifty-three hours* strenuous labour. 

In many pits the artificial admission of water is success- 
fully employed for keeping down the temperature of the coal 
pillars. At the Bach lignite mine, near Ziebingen, the coal, 
in one of the seams worked, is liable to crack on drying, and 
to grow hot in consequence of the ensuing absorption of air. 
If, however, a copious supply of water is provided to keep 
the cracks closed, this heating is prevented. The amount of 
water daily required is sometimes as much as 10 litres (22 
gallons) per cubic metre (35*3 cubic feet) ; the pit water 
raised by the pumps being collected in tanks and utilised for 
this purpose. It is conveyed down to the air-way, through 
branch tubes of |^-inch gaspipe and hempen hose piping 
attached to the ends of same, and allowed to run over the 
floor in suitable places so as to trickle down through the 
cracks in the coal and drain into the working sole twenty 
feet deeper, where it is run off to the pumps along with 
the rest of the pit water. Its temperature rises to a not 
inconsiderable extent in passing through the coal. By this 
means the readily inflammable coal is prevented from taking 
fire, the air is kept cool and fresh, and the working capacity 
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of the miners is therefore increased. Moreover, it affords the 
advantage, by no means small, of leaving the pillars perfectly 
intact, so that they can be taken out quite clean. Water 
being plentiful, the seam pillars can be sprinkled uninterrup- 
tedly ; and, in the event of fire, rose jets can be screwed on 
to the pipes and employed for extinguishing the outbreak. 

PBECAUTIONS FOE PEEVENTING EXPLOSIONS 
OF FIEE-DAMP AND COAL DUST. 

So comprehensive are the precautionary regulations for 
preventing explosions of fire-damp and coal dust — the latter 
being in turn a cause of pit fires — that their reproduction, if 
only in brief, would fill an entire book. They extend not 
only to the operation of blasting and the use of safety lamps, 
which play an important part in the majority of explosions, 
but also to the arrangement of the whole system of ventila- 
tion. Special reference may be made to the regulations 
issued in this connection for the Mahrisch-Ostrau mining 
district, under date 27th October, 1895, which in the main 
adhere to the Dortmund Mining Police Ordinance of 1887, 
but in several respects have been amplified. 

The safety lamp plays one of the weightiest parts in the 
technology of fire-damp, its property of affording the most 
suitable means available for the detection of inflammable 
gases, having been the cause of the attainment of the high 
degree of safety now usual in coal mining. Besides render- 
ing human life secure, the safety lamp also preserves the 
workings, and the high value in which it must therefore be 
held is indisputably confirmed by the statistics relating to 
mining accidents. 

Out of the hundreds of different lamps based on the 
principle of the Davy lamp, not more than half a dozen 
kinds have made their way into use for fiery pits. The 
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reason for this is that, in addition to the maker's principal 
object, namely, to prevent the flame from flaring through 
the gauze the safety lamp has to fulfil a number of require- 
ments, such as power of resisting injury, deUcacy of indication, 
cheapness of maintenance, etc. 

Among this restricted number of types the most perfect 
at the present time is the Wolf benzine lamp, which is very 
largely used in Germany and Austria, and is already beginning 
to displace other kinds in the remaining mining districts of 
the Continent and America. Under the influence of the high- 
speed ventilating currents now essential in large, deep mines, 
in order to properly ventilate the numerous working places 
where fire-damp is liberated, the other types of safety lamp no 
longer afford sufi&cient security. As the excellent points of 
the Wolf lamp, fed with benzine, fitted with ribbed protective 
mantle, friction ignitor, magnet locking device, and container 
of tempered metal, cover the requirements exacted of a 
modern safety lamp, its principal advantages, in the greatly 
improved form developed since 1883, are briefly subjoined: — 

1. The illuminating power is constant, at l-lii? normal 
candle power, throughout a whole shift, whereas that of 
the best rape oil lamps averages only yV ' tS ot 1 normal 
candle power. The bright, uniform light, and the ease 
of ignition greatly increase the working capacity of the 
miner, and, unlike the old oil lamp, there is no need to 
prick at the wick. The cost of the benzine consumed is 
only J that of rape oil, and another saving ensues from the 
longer life of the wicks. 

2. The benzine lamp is a very sensitive indicator of fire- 
damp, f per cent, of inflammable gas being detectable with a 
little practice. 

3. It possesses a reliable locking device. 

4. The closed lamp can be lighted without danger ; hence, 
after an explosion — whereby it often happens that the whole 
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of the lights in the pit are extinguished — the miner is able to 
relight his lamp without danger, and save not himself alone 
but also his probably insensible comrades. 

Notwithstanding the frequent endeavours for many years 
past — in fact since 1846 — both in mining circles and the 
legislature, to have all lamps of the Davy type superseded by 
the electric light, the latter is still not very widely used in 
mines, although highly serviceable for certain purposes, 
especially in recovery work after a fire, the lighting of load- 
ing places, etc. The miner's electric lamp lacks the special 
property of the safety lamp, viz,, of indicating the presence 
of fire-damp by the altered appearance of the flame. More- 
over, even the electric lamp may occasionally give rise to 
explosions ; as was the case for example during the recovery 
work after the Karwin fire in 1895, where a fire-damp 
explosion was produced through the striking of an elec- 
tric lamp against the tools carried by one of the workmen. 
Numerous experiments in Ostrau, and those performed 
at an earlier date (1890), by Mallard, Le Chatelier and 
Chesneau, have shown that the incandescent carbon 
filament of the electric lamp, when white hot, is capable 
of igniting fire-damp ; and though when merely red hot the 
filament does not produce ignition, neither has it any illu- 
minating power whilst in that condition. The experiments 
of the Ostrau Fire-damp Committee showed that the breakage 
of an incandescent lamp (5-6 volt and 0*5 ampfere current) in 
an atmosphere of fire-damp seldom produced ignition, the 
carbon filament being usually ruptured by the shock of 
breakage. On a small hole being made in the glass bulb 
ignition seldom occurred, even if the filament remained 
intact ; though, on the other hand, an explosion invariably 
ensued in the testing apparatus, on a large aperture being 
made in the lamp and the filament raised to white heat 
by the passage of current. Nevertheless, electric lamps are 
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the most suitable of all for use in a fiery pit atmosphere. 
The small electric glow lamps of the original Bristol type, 
such as are used at Karwin, are hemispherical, measuring 
IJ inches across, the glass (J-inch thick) being protected 
by a strong brass cross. Of course these lamps are not 
absolutely safe, since all manner of accidents or damage may 
arise through carelessness. 

With regard to the influence of blasting as a cause of fire- 
damp explosions, the following table, drawn up by Winkhaus, 
gives the minimum quantity of various explosives capable of 
producing ignition : — 
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According to A. Siersch's instantaneous photographs of 
the flame produced by 100-gram cartridges exploded in a state 
of free suspension, blasting explosives may be divided into 
two groups : — 

I. Flaming (dangerous) explosives : ordinary black 
powder, gelatine dynamite, and kieselguhr dynamite. 

II. Safety explosives: coal karbonite, roburite 1, new 
Westfalite and Dahmenite A. 

According to the dimensions of the flame, black powder 
is the most dangerous of Group I., whilst Dahmenite A is the 
safest member of Group II. 
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From determinations made in respect of the effective power 
of different explosives by noting the amount of distention 
produced by exploding 20-gram charges in leaden cylinders, 
their relative strength increases in the following order: 
Dahmenite A, new Westfalite, roburite 1, coal karbonite, 
gelatine dynamite 1. 

Official reports^ on the blasting experiments conducted 
with safety explosives in fiscal and private collieries in Saxony 
** black powder is not extensively used anywhere but in the 
Hanich pits, the reason given for its employment there being 
the larger proportion of lump coal it brings down and its 
relatively lower cost (J-j) than safety explosives. Of the 
latter class, coal karbonite and roburite 1 are most largely 
used. With regard to the proportion of lump coal brought 
down, and the force and composition of the gaseous products 
of explosion, Westfalite is on a par with roburite ; but pre- 
ference is accorded to the latter because it enables weaker 
cartridges and detonators to be used without inconvenience. 
At the Von Burgker collieries the proportion of lump coal 
obtained by using roburite or Westfalite was about 3 per 
cent, higher than in the case of karbonite ; the latter, on the 
other hand, proving suitable in compressed pillars with fiery 
coal. At present the relative proportion of explosives con- 
sumed in these collieries is about 70 per. cent, of roburite and 
30 per cent, of karbonite." 

EMPLOYMENT OP ELECTRICITY IN MINING, PARTICULARLY IN 

FIERY PITS. 

In comparison with the position it has attained in other 
industries, electricity may be considered as but little employed 
in mining, although here the conditions are exactly those 
under which this force should prove extremely useful, namely 
the transmission of power for considerable distances from the 

^ Freiberger Jahrbuch, 1897. 
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generating station. Probably the chief cause retarding the 
application of electricity as a motive power for underground 
machinery is the dangerous nature of high-tension currents. 
As a matter of fact, currents of such high tension as is requi- 
site for mining work must necessarily be very carefully dealt 
with, as many accidents have already demonstrated in a very 
serious manner. 

Chiefly to be borne in mind are the accidents, often 
attended with fatal consequences, resulting from contact with 
live wires, whether through carelessness, misadventure, or by 
a current being sent in error through a conductor whilst the 
latter is in the hands of the workmen. In mines, the chief 
danger to be considered is that of fire, and, in coal pits 
especially, the risk of fire-damp explosions caused by the 
electric current. Nevertheless the resources of electric 
technology are sufl&cient to obviate all these risks, and 
consequently, official mining regulations have already been 
issued, based upon the provision of suitable insulation of all 
live wires, the reduction to a minimum of the risk of spark- 
ing at any part of the conductors or moving parts of the 
machinery, and the provision of air tight metal cases for 
all parts where sparking cannot be altogether prevented. 

Preference should be accorded to the rotary current 
system, i.e., rotary-current motors, owing to the absence 
therein of the sparking produced at the commutator of 
continuous current motors. They also aflford the inestimable 
advantage of dispensing with the .troublesome task of clean- 
ing the commutators. Nevertheless the rotary-current motor 
is not entirely free from defects, at least under certain 
circumstances, which will now be investigated. 

In order to comply with the official regulations enjoining 
the employment of motors with the lowest tendency to pro- 
duce sparking, those fitted with collecting rings must be 
avoided, and only those of the short circuit type used. 
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When the current is passed through the fixed part of a 
rotary-current motor, the onward movement of the poles 
in the field of rotation induces currents in the windings of 
the movable armature. Consequently, the rotating poles 
exert a certain pull on the current-bearing coils, and the 
whole armature takes part in the rotary niovement. The 
more rapid the rotation of the armature, the weaker are the 
currents*in the short-circuit coils, and the lower the tension 
exerted on the armature, so that finally, when the armatures 
and poles are moving at equal velocity, the coils are free from 
current and the tension is reduced to nil. 

In this event the armature moves in synchronism and 
cannot attain a higher speed, by reason of the braking 
action that would ensue from the currents thereby gene- 
rated. 

Moreover, even when the motor is working under load,, 
the speed of the armature varies but slightly, the number of 
revolutions decreasing by only a small percentage ; and it is 
this property of the rotary-current motor that constitutes 
both its great advantages and inconveniences for driving 
machinery in mines. For example, the aforesaid property 
is extremely favourable so far as pumping is concerned. 
Mining pumps, being mainly required to work regularly 
without supervision, have to be run at a uniform rate of 
speed, which should not greatly deviate from the normal, in 
case the load is suddenly removed, e.g., when the pumps no 
longer lift. In such event, pumps driven by steam or com- 
pressed air would infallibly run away, and might be totally 
ruined by the excessive speed. On the other hand, such a 
contingency has no further effect on the rotary motor than 
to reduce the amount of current consumed to the quantity 
required to drive the empty pumps. 

The ordinary rotary motor is also the only correct form 
for driving ventilating fans and, under certain circumstances,. 
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for rope haulage. It invariably acts in a perfectly satisfactory 
manner. 

Nevertheless, difficulties arise when it is a question of 
driving machinery liable to carry overloads for prolonged 
periods. In this respect winches are the worst. The credit 
of having solved the problem of ensuring perfect reliability in 
rotary-current winch motors, both as regards the regulating 
of driving and in respect of the electrical ignition of fire-damp, 
so that no attendance is required, is due to Siemens and 
Halske of Charlottenburg. To go, however, into this matter 
would extend beyond the scope of this work, and the reader 
is therefore referred to R. Friedemann's admirable treatise 
on the employment of electricity in mining, the most im- 
portant parts of which are now reproduced. 

Special attention must also be bestowed on the security 
of the means for distributing the current. In erecting the 
underground motors at the Kaiserin Augusta Shaft at 
Oelsnitz (Saxony), Friedemann adopted as a fundamental 
rule that not only should naked contacts be entirely excluded, 
but also that it is indispensably necessary to entirely prevent 
the sending of current, whether by accident or ignorance, 
through any part of the line where those engaged in any 
work on the line are liable to come in contact therewith. 

The conductors consist exclusively of cables protected 
from external injury by a strong covering of wire ; and where 
this covering is impossible, e,g., at the lamp terminals in 
loading places, or in the Hne terminals on the motors, the 
conductor must be enclosed in strong wooden casing. This 
precaution must on no account be disregarded, because, when 
the conducting wire is left unprotected, it may easily happen 
that, as a result of carelessness on the part of the men — who 
are usually insufficiently acquainted with electrical matters — 
the wire is pulled out of the clamps, or, if the latter holds 
tight, may become broken. Again, in laying cable in the 
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shaft, regard must be had to the circumstance that the wood 
used for carrying the cable is Hable to rot and shrink, and, 
therefore, subject to movement, especially in the places 
where there is heavy pressure. It is advisable, in the case of 
wooden shafts, to hang the cable between iron bars entirely 
independent of the shaft timbering and set in the rock, as 
far as possible from the winding gear, as shown in Plate V., 
Figure 19, in which a b are the iron bars, K the cable, and Sj 
^2 the connecting screws joining a pair of oak cheeks. 

When the conduction of a continuous current is in question, 
which, under the influence of the acid pit water, may exert 
a chemical or destructive action and also readily injure the 
lead casing of the cable in uninsulated places, the wooden 
clamps must be placed on porcelain insulators. 

The distance between the supports for the shaft cable 
depends chiefly on the thickness and weight of the latter. 
In any case great care is necessary to see that the wooden 
•clamps are not too tightly pressed together ; otherwise the 
sectional shape of the cable may be altered and short circuiting 
be readily caused by the resulting approximation of the con- 
ducting wires. Provided, however, that some soft material, 
like tow or pieces of old driving belts, is inserted, the distance 
between the supports of a freely suspended cable 2^ to 2J 
inches thick can be as great as 16 yards without any objec- 
tion. 

In the case of a heavy cable, the suspension in the shaft is 
attended with some difficulty, since it must not be exposed to 
•considerable pressure, and, therefore, the radius of curvature 
must not fall below a given dimension. The minimum is 
fifteen times the diameter of the cable. The safest way to 
hang the cable is to attach the same to the winding rope, 
at intervals of about 3 to 6 feet, by inserting between the 
cable and the rope pieces of wood hollowed out on either side, 
the whole being bound together by means of soft ^V-inch 
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binding wire, each binding being about 2 to 3 inches in 
length. 

EXPERIMENTS ON THE IGNITION OF FIRE-DAMP MIXTURES 
AND CLOUDS OF COAL DUST BY ELECTRICITY. 

Experiments with regard to the ignition of fire-damp 
mixtures and clouds of coal dust by electricity ^ were carried 
out in the experimental gallery of the Westphalia Berg- 
gewerkschaftskasse at the Consolidation Pit, III. and IV. ^ 
the results of which are summarised below. Although these 
experiments are not decisive with regard to the suitability 
of electricity for fiery mines, they nevertheless constitute a 
foundation for further measures. On the one hand, electrical 
manufacturers have to utilise the experience gained, and 
bring upon the market an apparatus of greater safety in fire- 
damp atmospheres ; and on the other, the experiments on 
the safety of new types will have to be carried out. Speaking- 
generally it may be stated that the amount of electrical energy 
capable, under certain circumstances, of igniting fire-damp is 
extremely small. A closer examination of this amount is 
impossible, because, in addition to the amount of energy, the 
manner of its disengagement (whether by sparking, arc lights,, 
or glowing carbon filaments and wires) and subsidiary circum- 
stances, come in question. It is only in the case of a circuit,, 
the conditions of which are accurately known, that actual 
reports can be made on the limits of safety in different 
methods for the conversion of energy. In any case, all visible 
sparks are primd facie to be dreaded, but experiment alone 
can decide as to the harmlessness of some kinds of sparks. 

Independent explosions of coal dust are, unless in very 
exceptional cases, apparently impossible to produce by the 
action of electricity alone. With regard to individual points. 

i Gliickauf, 1898, 1, 2, 3. 
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the following additional conclusions may be drawn : Portable 
glow lamps (accumulator lamps) must be carefully handled 
to prevent breakage of the glass bulbs. Appliances to cut o£f 
the current in case of pressure or shock on the bulb are use- 
ful and desirable. The sparks occurring when the lamps 
are disconnected are harmless. For lighting loading places in 
the shaft, or headings, cross-drivages, and during shaft sinking, 
with fixed lights,. high volt glow lamps of not more than 0*5 
to 0*6 ampere current are advisable. In these lamps care 
should be taken that the metal conducting v^res carrying 
the carbon filaments project as little as possible beyond the 
filling of the base, so that, in case of breakage of the bulb, 
the wires could not come in contact with each other and 
produce short circuiting. 

It is inadvisable to have two carbon filaments, one behind 
the other, in a glow lamp, because this increases the danger of 
short circuiting. For the same reason a higher tension than 
150 volts appears at present unsuitable. Each lamp should 
be provided with a protecting bell of thick glass, in order that 
the carbon filaments could not possibly survive the breakage 
of the two glasses by the application of external force. The 
spark formed on disconnecting a single lamp of not more 
than 0*5 to 0*6 ampere in a lighting circuit is harmless, unless 
extraordinary self induction follows. 

If these precautions are observed, a well-arranged method 
of illumination by fixed, high volt glow lamps ought to be 
safer than any other method in fiery situations. Perhaps in 
the future, when pits are lighted throughout by electricity, 
special or very dangerous parts of the workings (e.g., hevdng 
places) will be lighted in this manner. Arc lamps cannot be 
used in fiery pits. All switches, except those specially named 
in the treatise, and all fastenings, must be enclosed in an 
air-tight manner. 

Such parts of the starting resistance as are liable to give 
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off visible sparks must be rendered fire-damp proof. The 
heating, and occasional glowing, of the wire spirals is not 
dangerous ; nevertheless, care must be taken that the wires 
inside the resistance are not insulated with combustible 
materials. 

Small, continuous current motors may easily cause ignition, 
on account of sparking at the collectors. Larger motors of 
this type are harmless if kept in perfect condition, carefully 
attended, and in normal work, even though sparks cannot 
be entirely avoided. These conditions, however, are seldom 
met with in mining work, and it is therefore advisable to 
completely enclose continuous current motors placed in fiery 
situations, or else to enclose only the sparking portions in 
a fire-damp proof manner. 

Eotary current motors with short circuit armature wind- 
ing, or with collecting rings containing two brushes or fitted 
with air-tight centrifugal connections in opposition, are 
sparkless and harmless in ordinary work, but such as are 
provided with hand connections in opposition, are objection- 
able on account of the unavoidable sparking, although up 
to the present no ignition has resulted from the use of such 
motors in the experiments made. The only iiistance when 
danger is likely to arise from the electrical sparks in blasting 
is when the conductors have been carelessly laid. Incan- 
descent ignitors and split incandescent ignitors are almost 
harmless and, under certain circumstances detailed in the 
aforesaid treatise, are completely so. 



III. INDICATIONS OF AN EXISTING OK 

INCIPIENT FIEE. 

Sweating of the shale and coal, the disengagement of 
heat, oppressive warmth, the appearance of foul air, foul 
smell, difficult breathing, lamps badly burning, all indicate 
an existing or incipient fire. Smouldering fires generally 
reveal their presence by a characteristic smell which, e.g. in 
the Kladno pits, is often manifested several days before the 
fire actually breaks out. In several Hungarian collieries 
attention is generally directed to a fire, not by symptoms of 
combustion, but by indications of fire already started, e.g.^ 
an unusual degree of heat rapidly attaining as much as 
125° F., and finally by a tarry smell and smoke rising from 
the workings. 

In several pits in the lignite district of North-West 
Bohemia the ready spontaneous ignition of the coal, which 
is due to its columnar structure and to the circumstance that 
the fissures are filled with fine dust, constitutes the imminent 
danger of fire-damp explosions. 

Frequently, the time occupied from the commencement 
of smouldering to the complete outbreak of a bright fire 
is not over an hour, without any evolution of heat or smoke 
having been noticed. The occurrence of fissures filled with 
fine dust increases this danger to a considerable extent. 

Fire hose and water pumps are always kept ready. On 
the occurrence of fire the walls of coal are drenched with 
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water, and immediate measures are taken to get out the 
glowing coal. The precautions necessary to prevent the 
possibility of spontaneous, ignition will be evident from the 
circumstance that, at the Pluto shaft near Weisa, seventeen 
men are employed on the average in each shaft for clearing 
away coal dust. 

Good service in the timely detection of a threatening 
outbreak of fire will generally be afforded by taking careful 
observations of temperature, especially in the upcast air- 
ways. 
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IV. APPLIANCES FOE WORKING IN 
IRRESPIEABLE GASES. 

Pit fires or explosions of fire-damp and coal dust fill the 
workings, either partly or entirely, with poisonous, stupefying, 
or suffocating mixtures of gases, and make the necessary 
rescue work difficult, dangerous and even impossible. In 
the case of explosions of magnitude the after-damp almost 
invariably prevents the rescue of the miners cut off in the 
pit, and, in the case of pit fires, the suffocating gas causes 
great inconvenience to the men engaged in localising and 
extinguishing the fire. 

It is still the opinion that a great majority of fatahties in 
explosions of fire-damp and coal dust are due, not to the 
destructive effect of shock or force of the explosion, but to 
the poisonous effect of the after-damp, which, for the most 
part, consists of carbon dioxide and carbon monoxide. In 
the case of the fire-damp explosions at the Dreifaltigkeits 
shaft in Polnisch-Ostrau in 1891, the entire staff of one 
section of the pit, i.e., about 50 per cent, of the total victims 
of the catastrophe, could have been rescued had suitable 
appliances been available. Dr. Haldane,^ in his work on the 
causes of death in colliery explosions, states that in three 
large explosions in the English collieries of Tylorstown, 
Micklefield and Brancepeth, an average of 77 per cent, of 

1 " The Causes of Death in Colliery Explosions." Transactions of the 
Federated Institution of Mining Engineers^ vol. xi., part iii., p. 502. 
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the total injured fell victims to after-damp, and that the 
principal part in after-damp is played by carbon monoxide. 
According to this authority the first decided symptoms of 
poison by carbon monoxide make their appearance when the 
blood is saturated with about 30 per cent, of the gas. At 
about 50 per cent, the power of movement ceases, and death 
occurs when the saturation attains about 80 per cent. When 
the amount of carbon monoxide in the air attains 0*06 per 
cent., human blood will take up 30 per cent in an hour to an 
hour and a half, so that symptoms of poisoning are exhibited 
in a worker as soon as he begins to exercise his strength ; 
010 per cent, will produce helplessness at the end of an 
hour ; with more than 0*20 per cent, life is endangered ; and, 
when there is over 2 per cent, of carbon monoxide in the air, 
death occurs before the blood has had time to attain the 
maximum degree of saturation (80 per cent.) that the human 
body can bear and live. 

As the majority of miners are not overtaken by after-damp 
until one or two hours after the explosion, a relatively con- 
siderable time is available for attempts at rescue to be made. 

Furthermore, the catastrophes in the Ostrau - Karwin 
district during recent years — and particularly the fire in the 
Herminegild pumping shaft at Polnisch-Ostrau in 1896 — have 
conclusively demonstrated the necessity for the provision of 
suitable rescue appliances, kept always ready for use. The 
number of victims of mining conflagrations and explosions 
can be greatly reduced when the miners, stupefied by smoke 
and suffocating gases in the one case and by after-damp in the 
other, can be quickly rescued ; and also when it is possible, 
by means of suitable respiratory apparatus and rescue appli- 
ances, to rapidly repair the damage done to the air-tubing, 
etc., by the shock of an explosion. These appliances also 
afford valuable aid in the recovery of a colliery after a fire, 
since they often enable the area of the fire to be circumscribed 
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by the rapid erection of dams. It frequently happens that 
the sole reason for damming-up or flooding an entire pit is that 
the erection of a simple dam, which would suffice to effect the 
purpose in view if it could be built in the upcast ventilating 
gallery, is rendered impossible by reason of the fumes from 
the fire. At the Herminegild shaft, for example, the accident 
could have been prevented had it been possible to get at, and 
close in good time, an open air-door, inaccessible on account 
of the suffocating atmosphere of the heading. 

According to the circumstances under which they are 
employed, the different kinds of respiratory appliances,^ such 
as respirators, smoke masks, rescue appliances, diving gear, 
etc., may be divided into two classes, namely, gas appliances 
and water appliances, ie,, appliances for use in these media. 
The former are more frequently required in mining work 
than the latter. Mining Councillor Mayer divides all the 
respiratory and rescue appliances used in mines into two 
main groups, according to their method of employment.^ 

I. Appliances designed for prolonged use in working in 
irrespirable gases, such tasks not being limited to any def- 
inite time, and for which special preparation can be made. 
These appliances may be designated " respiratory apparatus," 
to distinguish them from the second group. 

II. Appliances principally used for rescue work, and need- 
ing to be kept ready at hand in case of a calamity. They 
must be portable, and be easily and quickly adjusted and 
set in order for working. To this class the name ** rescue 
appliances " is given. 

Some forms of apparatus are suitable for use under either 
conditions, though not with equal success in both. Never- 

^ Prof. Kreischer, Jahrbuchfilr das Berg- und Hiltten-Wesen im KOnigreiche 

Sachsen, 1886, p. 147. 

» 

2 Dr. Fillunger, Oesterreichische Zeitschrift fiir Berg- und HUtten-Wesen^ 
1896, p. 581. 
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theless, in practice, the methods of use will always have to 
be borne in mind, as influencing the successful application 

and therefore the construction of the apparatus employed, 

» 

There are several different types of respiratory appliances, 
such as respirators, appliances fitted with air-supply pipes, 
reservoir apparatus and regenerative apparatus. Fillunger, 
however, divides them into only two classes : — 

1. Appliances that can be used for an unlimited time, 
though at only a limited distance from the source of the 
air supply. 

2. Appliances allowing the wearer unrestricted freedom 
of movement during a limited time. 

The former class may, in the language of the French 
Committee of 1882, be termed ** fixed " apphances, whilst 
the latter are '* portable " ; and this classification fits in with 
the above-mentioned grouping arranged by Mayer, 

1. RESPIRATORY APPARATUS. 

The earliest examples of this class were primitive, con- 
sisting of a sponge or pad steeped in vinegar or chemical 
reagents, and held against the mouth or nostrils. To this 
category belonged the Eobert respirator, in which the air 
inhaled by the wearer was drawn in through a sponge soaked 
in milk of lime, and enclosed in a perforated case of sheet 
metal. 

All respirators of this kind exert merely a cooling action, 
and cannot be used for more than very short periods at a 
time ; but they formerly enjoyed extensive employment on 
account of their simplicity and cheapness. 

2. APPARATUS WITH AIR-SUPPLY PIPES. 

In these the air required for respiration is drawn through 
pipes connected with a reliable source of pure air. They 
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may be divided into suction and compression apparatus. To 
the first division belongs the earliest type of this class, 
namely, the nose mask of Pilatre de Eozier, in which air 
was drawn into the nostrils through a pipe 80 to 100 feet 
in length, whilst the expired air was discharged through the 
mouth into the open. Another example was the Brasse 
apparatus, fitted with respiration valves ; as well as a great 
improvement on the above-named mask, viz., Loeb's patent 
respirator, in which both inhalation and expiration were 
effected through a valve box, the expired air being also 
utilised, on occasion, to blow a signal whistle. These two 
last-named types could not be used with safety at a greater 
distance than 100 feet from the source of the air supply. 

Of the compressed-air type of apparatus, generally based 
on the principle of the diverts helmet, there are a number 
of examples, mostly intended for firemen's use, only a few 
having found any extensive employment in mines. Among 
the latter are the smoke helmet made by L. von Bremen & Co. 
(Plate I., Fig. 1 ; Fig. 3 shows a low pressure apparatus, and 
Fig. 4 a high pressure one made by this firm) ; the many forms 
of Denayrouze-Rouquayrol apparatus described in various 
text-books, and still used in a few French and Belgian pits ; 
the Mliller smoke mask ; and the Stolz mask for rescue 
work. The Denayrouze-Eouquayrol apparatus has often been 
used for diving in flooded shafts, whilst the Von Bremen 
helmet rendered excellent service in the recovery work after 
the pit fires at the Wilhelm shaft of the Kaiser Ferdinand's 
Nordbahn Colliery (Ostrau) and Count Lairisch's collieries 
at Karwin, the Miiller mask being also advantageously used 
in the last-named pit. 
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(a) The Bremen Smoke Helmet. 
(Plate I., Fig. 1). 

This helmet, originally designed for firemen's use, was 
modified to suit the different conditions prevailing in pit 
work, where the question is rather to afford protection to the 
wearer against irrespirable air or explosive gases rather than 
fire. 

The hose-pipe, gloves and trousers being dispensed with, 
there remains the air-tight and waterproof jacket and the 
light cork helmet, in which the air supplied from the pump, 
by way of the air-pipe, is distributed and circulated through 
conduits so as to impinge on the wearer's face and on the 
interior of the glass window. The air-pipe from the helmet 
is attached to the main supply pipe, which is passed through 
an eyelet on the jacket, near the belt, so that no difficulty is 
experienced in drawing it along as the wearer advances. 
When necessary, the jacket is fitted with a safety lamp, fed 
with air through a branch pipe leading from the neck of the 
helmet, the lamp being either carried in the hand or hung on 
a hook on the breast of the jacket. It will burn in any 
atmosphere, and when not in use can be disconnected with 
its feed-pipe, the screw socket on the helmet being covered 
by a cap. At the present time these lamps are generally 
replaced by electric accumulator lamps. 

The complete outfit consists of the air-tight, waterproof 
jacket of double cloth, fastened round the wrists by straps 
and round the body by a waist-belt ; a light, staunch, cork 
helmet fitted with screw connections and pipes for the air 
supply and lamp, at the neck ; five 20-metre (65| feet) 
lengths of flexible air-pipe ; a double-action lever air pump, 
with duplicate fittings ; a safety lamp with extra fittings ; a 
feed-pipe for the lamp, and a set of spanners. The price of 
the outfit is 1,140 marks (= shillings), packed, lamp extra. 
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The apparatus may be used for distances up to 200 metres 
(218 yards), the price being increased by six shilHngs per 
metre for the additional piping required. Where there 
is any existing installation of compressed-air pipes in the 
mine, the flexible pipe may be coupled to this source of 
supply and the air-pump dispensed with, thus saving the 
expense (260 marks) of the latter. 

(b) The Muller Smoke Helmet. 

This helmet is made of good deerskin, and is the same 
shape as a fireman*s helmet, with a lower padded rim that 
fits on the shoulders. It is fixed in position by two spiral 
springs fastened on the back of the rim and passed under 
the arms to hook on to two chains attached to the front of 
the rim — the apparatus being thus enabled to fit all figures. 
A double plate of wire gauze with 140 meshes per square 
centimetre covers the wearer's face and permits the escape of 
the exhaled air, enabling the wearer to see and hear, whilst 
at the same time protecting the face against explosions and 
flame. Behind the gauze is a hollow metallic shell, to which 
the flexible rubber air-supply pipe is attached. 

Air is supplied either from an ordinary portable pump 
— in which case the makers (O. Neupert's Successor) supply 
a connecting piece — or else by the maker's double-action 
8-inch air pump, which is mounted in an iron case; and, 
measuring only 9i by 21i inches, and weighing only 44 lb., 
is portable and easy to manage. 

The following precautions should be taken to ensure the 
eflScient action of the smoke mask : — 

1. The air-pump must be placed where the air is free 
from smoke. Two men are required to work it, one relieving 
another as soon as the latter is tired; this is particularly 
necessary with bellows-pumps, these requiring to be worked 
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at a quick rate to keep up a continuous and sufficient supply 
of air. 

(2) The mask must be fitted on the wearer by an 
attendant, at the air-pump station. 

(3) The wearer must not start on his journey until he 
finds the air is coming in from the pump ; and the men at 
the pump must not cease pumping until the wearer of the 
mask has returned to the station. 

The great advantage of the Miiller smoke helmet over all 
other protective appliances is that, being simple in construc- 
tion, it is not liable to break easily or soon get out of order ; 
moreover, it weighs only about 5J lb., and the mode of 
attachment allows the wearer free use of his head and arms 
without tiring him during his task. 

The method of using this helmet in a pit fire will be 
evident from the following sketch of recovery work after a 
fire in the lignite district of North- West Bohemia (Plate II., 
Fig. 1). 

On the occasion referred to, a smell of fire (spontaneous) 
was detected at the right wall of one of the headings. Two 
manual pumps, supplied with water in special tubs drawn 
along a chain haulage incline, were set to work, and a cutting 
was driven in the said wall for a distance of 29 yards through 
the coal, to the seat of the outbreak. There being no means 
of supplying fresh air to this cutting, it became necessary to 
protect the workmen by fitting them with smoke helmets ; 
that is to say, only one man at a time was set to work, 
cutting and extinguishing the glowing coal, and he was pro- 
vided with a helmet. As soon as the seat of the outbreak 
had been detected, another cutting was driven into the coal ; 
but, as this was on the fresh air side, no helmets were 
needed here. 

To supply air to the helmet one of the water-pumps was 
stopped, and, after being connected up with the air-supply 
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pipe of the helmet, was used as an air-pump, its position 
being selected so that the out draught of vitiated air, carbon 
monoxide and steam passed away freely in the opposite 
direction, and that a supply of pure air was available for the 
pump and its attendants. In the drawing (Plate II., Fig. 1), 
a = the position of the air-pump, and h^ that of the water- 
pumps before the cuttings were driven through, their position 
afterwards being at h^. In other words, the pumps were 
situated in the line of the fresh ventilating current and in 
front of the respective cuttings. By this means the work- 
men could have performed their task for hours in a continu- 
ous supply of fresh air, were it not that the heat given off by 
the burning coal was too great (above 150° F.) and could not 
be reduced by more than a few degrees even by constant 
pumping. Nevertheless they could work for periods of thirty 
to forty-five minutes without over-fatigue, and each man 
after coming off duty and taking a little solid and liquid 
refreshment, was ready to return and resume his task. 
Consequently the work could be carried on with greater 
security than if other workmen less acquainted with the situa- 
tion had had to be called in to help. Under these conditions 
only a small staff is required to perform tasks dangerous 
to life and limb ; whereas, formerly, the number ranged from 
twenty to fifty and even more (according to the distance of the 
fire), carrying material of various kinds for the erection of 
dams ; but they could only work for a few minutes at a time 
and were quickly obliged to return to the fresh air zone* 
Notwithstanding the use of mouth sponges, etc., cases of 
poisoning by carbon monoxide frequently occurred, so that 
the men were obliged to confine their operations to damming 
back the fire, and it was but seldom that they were able to 
get at the fire and quench it with water. 

A smoke mask of sheepskin with leather fastening straps 
and 20 metres of wired rubber pipe fitted with an intermedi- 



I 



APPLIANCES FOE WOEKING IN lEEESPIEABLE GASES. 59 

ate piece for attachment to the portable pump, costs 55s. ; 
with a bellows pump, but without the intermediate piece, the 
price is 90s. If made of deerskin, with chains and spiral 
spring fastenings, 40 metres of piping, and intermediate 
connecting piece, the mask costs 130s. Without the inter- 
mediate piece, but with a pump the price is 170s., each extra 
20-metre length of rubber pipe being charged 30s. for thin, 
and 40s. for thick piping. 

(c) The Stolz Rescue Mask, 
(Plate I., Fig. 6). 

This consists of a thin sheet-brass face mask, with eye 
holes covered with wire gauze, and is lined round the edge 
with a band of rubber so as to make an air tight contact 
with the face. The air-supply pipes enter at each side of 
the mask and pass round to the back of the head where they 
unite. For short distances (up to 110 yards), the bellows 
pump supplies enough air for two men, and two masks can 
be connected to the pump, but when the distance is greater 
only a single worker can be kept properly supplied with 
air. 

Experiments made in the Gerhard pit near Saarbriicken ^ 
demonstrated the efi&cacy of the mask. The pump can be 
easily worked by two men. The drawback to this apparatus, 
however, is that the length of pipe that can be served, and 
therefore the distance the wearer can penetrate into the 
irrespirable zone, is limited. Experience shows that when 
the 16ngth of air-pipe exceeds about 220 yards, the pump 
is no longer able to supply a sufficient volume of air ; and,, 
moreover, the difficulty of transporting the apparatus in the 
mine becomes too great. 

The advantage of appliances with air supply pipes over 

^ Zeitschrift fUr Berg- Hiitten- und Salinen-Wesen, 1898, vol. xlvi., p. 129. 
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the " pneumatophor " is that, where the former can be 
employed at all, their use is illimitable in point of time, 
and that they enable the wearers to communicate by word 
of mouth. The Stolz mask is made by K. Schramm. 

3. RESERVOIR APPARATUS. 

In these the wearer carries a supply of air in a reservoir 
slung on his back. To this class belong the two high- 
pressure apparatus of Combes and Kraft, as well as the 
Fayol apparatus, which allows the exhaled air to escape 
direct into the atmosphere, and the well-known Galibert 
bag wherein the exhaled air is returned to the reservoir. 
There are also several other forms in which the vitiated air 
is re-purified by absorbing the carbon dioxide in milk of lime 
or caustic alkali (soda or potash), such as the Barton, the 
Schulz apparatus and others, none of which, however, except 
that of Galibert, have made any headway for use in mines. 
The second type of reservoir apparatus, with means for 
regenerating the exhaled air, forms a transition stage lead- 
ing up to the final group of respiration appliances, namely, 

« 

the various 

4. OXYGEN APPARATUS 

with regenerative appliances. To this group belong the 
apparatus of Schwann, Fleuss, and the more recent Walcher- 
Gartner ** pneumatophor " and the Neupert apparatus. 

When it is a question of affording prompt aid to the 
injured after a pit fire or explosion, or to quickly repair 
damaged air tubbing, etc., without danger to the workers, 
an oxygen apparatus, affording freedom of movement for a 
limited period is the most suitable appliance to use ; and in 
fact, from the miner's point of view, these are really the only 
true rescue apparatus ; the best, however, being such as 
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are found reliable for prolonged use, whilst still allowing a 
maximum freedom of movement to the wearers, and most 
suitable for prompt rescue operations by reason of their 
simphcity of construction and easy manipulation. 

It is evident that the oxygen apparatus, fitted with 
means for regenerating the vitiated air and replacing the 
oxygen consumed in breathing, is the sole type that can be 
considered ; and the construction of these apparatus is 
necessarily based on the physiological principles of the 
human body. 

In the operation of breathing, one-third of the oxygen 
inhaled is consumed in the lungs and converted into carbon 
dioxide, which is then exhaled together with the residual 
oxygen and the nitrogen in the original air, the latter con- 
stituent playing no active part in the process. The volume 
of air respired by a healthy man is from 305 to 490 cubic 
inches per minute, the consumption of oxygen in the same 
period ranging from about 18 cubic inches, when the muscles 
are at rest, to about 67 cubic inches when work is being done. 
The volume of carbon dioxide, of course, varies between 
corresponding limits, increasing proportionately with the 
consumption of oxygen, the average increase of the latter 
being 0*183 cubic inch per kilogrammetre of work done, whilst 
the corresponding output of carbon dioxide is 0*17 cubic inch. 
In order that respiration may be at all possible the percentage 
of carbon dioxide in the air should not exceed 7*5 per cent., 
because at this degree of concentration no further evolution 
of this gas can occur even though an excess of oxygen be 
present. Even when the air contains 6 per cent, of carbon 
dioxide, breathing becomes laboured, fainting ensues, and 
muscular weakness sets in. Hence if one desires to remain 
for some time in an apartment filled with irrespirable gases, 
it is not sufficient merely to have plenty of oxygen at dis- 
posal — since only about 4 per cent, of the total oxygen 
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present is consumed at all, and there is consequently a great 
waste of this gas when the exhaled air is discharged in the 
open — but, to prevent loss of oxygen, a vessel must be pro- 
vided, into which the air ejected from the lungs is discharged, 
and which is provided with means for ensuring the absorp- 
tion of the carbon dioxide as completely as possible, and so 
preventing its accumulation in the air to be breathed. 

The working life of an apparatus constructed for this 
purpose consequently depends not only on the available 
supply of oxygen, but also to a very considerable extent on 

the amount and continued activity of the absorbent employed 
to take up the carbon dioxide. 

The nitrogen, originally present in the apparatus and the 
lungs, remains invariable and unaltered, and repeats the cycle 
of exhalation, regeneration and re-inhalation after an addition 
of oxygen ; so that when this last-named addition is suitably 
regulated the wearer of the apparatus is supplied with air 
of normal character, so long as the store of oxygen lasts and 
the absorbent remains active. Besides, there would be no 
danger in the total absence of nitrogen, experience having 
shown that pure oxygen can be breathed without injury even 
for prolonged periods. 

To regenerate the vitiated air exhaled by the wearer, i,e,, 
to free it from the accompanying carbon dioxide and water 
vapour, various absorbents are employed, with regard to 
which the following remarks are made by J. Mayer, the 
originator of the Neupert apparatus ^ : — 

**The absorbents available for selection to use in the 
Neupert apparatus were : potassium hydroxide (caustic pot- 
ash, KHO), sodium hydroxide (caustic soda, NaHO) and 
soda-lime, a mixture of calcium oxide and sodium hydroxide 
(CaO + NaHO). The two first -named are obtainable in 

^ Oesterreichische Zeitschrift filr Berg- und Hiltten-Wesen^ vol. xlvi., (1898). 
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sticks, presenting a large surface for the absorption of COg, 
whilst soda-lime is granular and porous, and is, therefore, 
also suitable for absorbing the gas in question. 

" The use of solid absorbents (caustic potash or soda) affords 
the great advantage of preventing perspiration on the face 
enclosed in the mask, and also of keeping down the tempera- 
ture in that part of the apparatus, both these absorbents 
taking up water with avidity and thus drying the surround- 
ing atmosphere. The exhaled air, which is comparatively 
warm and laden vdth water vapour, loses part of its moisture 
by condensation on contact with the cooler air in the mask, 
this physical process disengaging heat and raising the tem- 
perature within the mask until it attains the same degree 
as that of the exhaled air. Now, these solid absorbents 
take up the water vapour from the air, before it has had 
time to condense and contribute to the said heightening of 
temperature. 

**When soda-lime is used as the absorbent, e.g., in the 
Walcher-Gartner apparatus, it can only take up COg, leaving 
the water vapour unabsorbed ; the latter then condenses 
and produces a continued rise in temperature, the result of 
which is that the wearer of the apparatus perspires to such 
an extent that, in a short time, the apparatus becomes in- 
supportable, especially when a face mask is used. An 
attempt was therefore made to alter the Walcher-Gartner 
apparatus so as to reduce the number of the appurtenances 
(nose clamp, smoke goggles and mouth pipe) by substituting 
therefor a kind of mask. Nevertheless, owing chiefly to the 
unnatural liberation of heat and the perspiration consequent 
on the use of this absorbent, this attempt had to be aban- 
doned. 

'' The absorbents employed develop a somewhat consider- 
able amount of heat on taking up moisture at the outset ; 
very little of this heat, however, is imparted to the surround- 
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ing air, which remains temperate by reason of the removal 
of its moisture. In one experiment, for example, the air in 
the bag, after a lapse of one hour from the start, measured 
31° C. (87-8° F.), whilst the temperature of the absorbent 
was 57° C. (134-6° F.). 

** Which of these solid absorbents is the best may be 
gathered from the following considerations : From the purely 
chemical standpoint preference should be given to the 
absorbent taking up the largest quantity of CO2 per unit 
of weight. Now, caustic potash (KHO), in absorbing COg, 
forms, in accordance with the equation 2 KHO + COg = 
K2CO3 + HgO, potassium carbonate and water. The forma- 
tion of 1 molecule (44 parts by weight, viz., 12 + (16 x 2) ) 
requires 2 molecules of KHO, i.e., 112 parts by weight 
(39 + 16 + 1)2. When caustic soda (NaHO) is used, 80 
parts by weight are required, calcium hydroxide (CaOHgO) 
requires 74 parts, and calcium oxide (quicklime, CaO) only 
56 parts to absorb the same quantity of COg. 

** Quicklime (CaO) and slaked lime (CaOHgO) would there- 
fore appear to be the best absorbents ; but they cannot well 
be used in the pulverulent form, on account of the readiness 
with which they become disseminated in the air and are 
inhaled therewith. Moreover, when dissolved, they no 
longer present a sufficiently large surface to the CO2 to be 
absorbed. With regard to the mixture known as soda-lime 
(CaO + NaHO), which is obtainable as porous granules about 
the size of peas, and which in point of chemical efficiency is 
about intermediate between its constituent oxides, the experi- 
ments showed it unsuitable, owing, on the one hand, to the 
dust given off through the mutual friction of the granules, 
necessitating the introduction of a plug of wadding in the 
inhaling tube, which wadding soon become clogged ; and, on 
the other hand, because soda-lime is a slow absorbent of 
moisture, and therefore cannot keep the air cool and 
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prevent perspiration. An attempt was made to improve 
this absorbent by mixing with it an equal weight of the 
highly hygroscopic substance, calcium chloride (CaCl2), but 
had to be abandoned owing to the increased weight of 
absorbent then required and the persistence of the objection- 
able dust. 

"As already stated, 112 parts of KHO and only 80 parts 
of NaHO are needed to absorb the same quantity of CO2. 
Consequently it would not be difficult to choose between 
them when it is remembered that the last-named is also the 
cheaper. However, another factor has to be considered, 
namely, the intensity of the reaction, i.e., the relative 
rapidity of absorption, a property dependent on the thermo- 
chemical qualities and not on the molecular composition of 
these substances. Now the heat of the reaction during 
absorption of water is less in the case of NaHO than with 
KHO, from which it may be concluded that the former is 
the less energetic of the two. 

** Both absorbents were submitted to practical tests, and 
preference was finally accorded to KHO, which substance 
has also been recommended by Dr. Heller, chief physician at 
the Caisson Works at Nussdorf." 

That the employment of pure oxygen in respiration apparatus 
has no injurious effect on the human organism has been con- 
firmed not only by physiologists, but also by numerous 
practical experiments with such apparatus. 

On this point Dr. Gustav Gaertner, Eegius Professor of 
Experimental Pathology at Vienna, writes as follows : — 

** According to medical experience, the inhalation of 
undiluted oxygen cannot injure the human organism; on 
the contrary, it is refreshing and quickening in its action. 
I have superintended some hundreds of oxygen inhalations 
for healing sufferers from diseases of the lungs, heart and 
nerves, and have myself repeatedly inhaled pure oxygen — 
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on four occasions from the Walcher-Gartner pneumatophor 
(once for fifty-five consecutive minutes) — without ever 
observing any symptom that could be taken to indicate 
injury to the organism/* 

Furthermore, it is indisputable that pure oxygen is the most 
effective means of restoring consciousness to sufferers stupefied by 
after-damp. Although in many cases the patient does not 
recover consciousness immediately, the oxygen succeeds in 
driving the greater portion of the carbon monoxide out of 
the blood within a few minutes, and renders recovery possible. 
Dr. Haldane found in post-mmtem examination that, although 
unconsciousness must have very quickly supervened in the 
victim, a certain interval — generally about thirty minutes to 
an hour — ensues before carbon monoxide poisoning is followed 
by death, and that recovery may ensue if there is any means 
at hand for supplying the sufferer with fresh air during that 
period. Without doubt, the immediate use of ^modern 
oxygen apparatus by experienced persons, also provided 
with portable electric lamps, would result in the rescue 
of a majority of the victims of after-damp following a mine 
explosion. 

The excellent revivifying action of oxygen was demon- 
strated in the case of a man who was brought to bank in 
an insensible condition after the fire at the Shamrock pit 
(Westphalia) on 19th June, 1897. After direct inhalation 
from a Von Walcher oxygen bottle, the sufferer soon opened 
his eyes and recovered. 



THE SCHWANN EESPIEATOKY APPARATUS. 

This apparatus, also known as the ** Aerophor," consists 
of a flat elastic reservoir filled with air at ordinary pressure 
and carried on the wearer's chest ; the dimensions need not 
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be any greater than necessary to hold enough air for a single 
breath. The air is inhaled through a mouthpiece fitted with 
a suction valve, and the nose is held in a clamp. 

A second valve is provided for the passage of the exhaled 
air, which is conducted through a tube into a knapsack 
reservoir on the wearer's back, this receptacle being charged 
with slaked lime impregnated with caustic soda for absorb- 
ing the carbon dioxide. In connection with the lime reser- 
voir are two sheet metal cylinders, containing oxygen under 
a pressure of 4 to 6 atmospheres and supplying this oxygen 
to the air reservoir, through a reducing valve, along with 
the returned air from the lime receptacle, so that the air in 
the front reservoir is maintained in an approximately normal 
condition. Demanet reports having used this apparatus for 
two or three consecutive hours without inconvenience. The 
apparatus was exhibited by the inventor before the Belgian 
Academy of Science as far back as 1864, and it was also shown 
at the Hygienic Exhibition in Brussels in 1876, and the Paris 
Universal Exposition in 1878, two forms — an air and oxy- 
gen regenerator respectively — being exhibited on the latter 
occasion. Nevertheless, neither this apparatus or the similar 
one brought out by Dr. Eegnard has ever made any headway 
in practice — at anyrate for miners* use — probably owing to 
its great weight and numerous faulty details. Be this as 
it may, Schwann must undoubtedly be credited as the in- 
ventor of the first regenerative oxygen apparatus. 



THE FLEUSS EESPIEATOEY APPAEATUS, 

(Plate II., Figs. 2 to 8.) 

This apparatus, invented by Henry Albert Fleuss of 
London, is, like that of Schwann, of the knapsack type. 
From the mask (Figs. 2 and 3), which fits tightly over the 
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face and is provided with two glazed eyeholes, branch two 
flexible pipes, A and B, for the inhaled and discharged air. 
A is fitted with a suction valve and debouches into the 
elastic air bag (Fig. 8), which is carried on the wearer's 
chest, whilst the discharge pipe, J5, contains a pressure 
valve, and leads into the regenerator, T) (Figs. 4 and 6). 
The latter is of sheet metal, with a vulcanite lining, its 
internal arrangement being, as shown in Fig. 7, namely, 
divided by partitions, E, and the false bottom, F, into several 
compartments, which are charged with alternate layers of 
caustic soda and hemp. Attached to the bottom of the 
regenerator is the oxygen reservoir, 0, from which the 
oxygen is delivered through the pipe, R (Figs. 4, 5, and 6), 
and mixes with the regenerated air at h, the mixture being 
kept under control by means of the reducing valve, / (Figs. 
4. 5, and 6), which is adjustable by hand. The mixture of 
air and oxygen then returns to the air bag. In its original 
form the apparatus weighed about 31 lb. without lamp. 
The latter, which was based on the principle of the Drum- 
mond lime light, proved altogether unsuitable.^ 

The Fleuss apparatus has been repeatedly used for min- 
ing work, among other occasions after the fire-damp explosion 
at the Seaham Colliery on 8th September, 1880, and at 
the Killingworth pit in 1882, where a collapse of the shaft 
destroyed the air tubbing, whilst the men were at work. 
Extensive experiments were made with this apparatus in 
Germany, at the Maybach pit (Saarbrxicken) in 1885, but 
proved unsatisfactory, and led to a complete modification 
of the apparatus, the regenerator being further subdivided 
by means of a number of perforated metal partitions to 
separate the layers of tow and caustic soda, and facilitate 

^ The problem of lighting for rescue work and work in smoke fumes has 
now been solved by the employment of electric accumulator lamps. 
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charging. This was done because experience with the older 
form showed that after being in use a short time the ab- 
sorbed moisture caused the soda and tow to mutually adhere 
and occasion great difficulty in breathing. In the altered 
form the regenerator was made to open from the rear instead 
of at the top, thus rendering the interior more accessible in 
all its parts. The oxygen reservoir was put in direct con- 
nection with the air bag, and the ordinary rubber pipe was 
replaced by one with a coiled wire lining, to prevent kinking. 
In addition, the old mask was discarded and replaced by a 
smaller one, which did not require to be so tightly fixed, the 
very tight straps of the older form having been found to pror 
duce headache after a very short time. The regenerator was 
surrounded on all sides (except that next the wearer's back) by 
a water jacket for cooling the air in the vessel. It has also 
been proposed to charge this cooling jacket (which holds about 
If pints) with diluted vinegar, wine, black coffee, or other 
refreshing liquids, which could be administered to the injured 
in the mine through a pipe provided for the purpose and 
closed by a tap. Thus modified, the apparatus behaved well 
under the tests imposed, the wearer being able to work with 
it for two hours at a time ; the weight, however, is not 
reduced by the alterations. 



THE IMPROVED WALCHER-GARTNER 

PNEUMATOPHOR. 

(Plate II., Fig. 9). 

There are two forms of this apparatus made : — 

(a) The single bottle form. 

(b) The two bottle form. 
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(a) The Single Bottle Apparatus. 

This consists of : — 

1. The air-bag, -4, with loofah-fibre pads. 

2. The oxygen bottle, S^. 

3. The alkali receptacle, L, 

4. The nose clamp, N. 
6. The packing wallet. 

With regard to (1) the air-hag, A, is made of gas-tight 
material and measures 18 inches in width by 22 inches long. 
It is provided inside with two pads of loofah-fibre for absorb- 
ing the alkali. Midway along the upper edge of the bag 
is the inhaling tube, i?, with its mouthpiece, M, of hard or 
soft rubber, the tube being unprovided with any valve. Near 
by is a short rubber neck through which extends the screw 
capsule and spindle s of the alkali apparatus. 

On the right-hand side of the air-bag is a slit, S, through 
which the alkali receptacle and the oxygen bottle can be 
inserted into the bag, and by means of which the bag can 
be turned inside out for washing after use. It is fitted with 
two locking clamps, F, which, when closed, form a gas-tight 
joint and at the same time grip the neck of the oxygen 
bottle, the valve wheel r of which projects outside the 
bag. 

Removable suspenders, T^ are attached to the centre 
and right hand corner of the bag top, and cross over the 
shoulders, pass under the arms, and fasten on the chest 
by hooks and eyes. A supplementary band, Tg, which 
connects the two suspenders across the wearer's back, serves 
to carry the bag before the suspenders are fastened. 

2. The oxygen bottle, S^ : — This is a weldless steel flask 
tested to 250 atmospheres pressure, and holding 0*06 litre 
(0*013 gall.). The volume of oxygen it will contain at 100 
atmosphere pressure is 60 litres. 
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On the neck of the bottle is placed the valve, the effluent 
aperture of which carries a small tube, Ti, with a lateral open- 
ing directed towards the centre of the bottom of the alkali 
receptacle, in order to prevent any spraying of the alkali on 
the side of the bag under the impact of the jet of oxygen. 
The valve is governed by a hand wheel, r, outside the bag, and 
before use is fastened by a seal, it being important to keep 
the valve properly closed. To increase the area of absorp- 
tion, both the oxygen bottle and the alkali receptacle are 
covered with cloth. The bottle is inserted into the bag, 
through the aforesaid slit, -S^, in such a manner that the end 
fits in a sling, 6, of the alkali apparatus ; that the effluent pipe, 
hy points upwards, with its aperture directed towards the 
bottom of the alkali receptacle ; and that the neck of the 
bottle fits in the jaws formed by the locking clamps, V. 

The alkali receptacle, L, is a perforated sheet metal 
cylinder containing a glass bottle filled with 425 cubic centi- 
metres of 40 per cent, caustic soda lye and closed by a 
caoutchouc stopper. It measures 8 inches in length by 3^ 
inches width across the base. Between the bottle and the 
cylinder is an iron ring, to which is attached a sleeve, 
perpendicular to the longitudinal axis of the vessel and 
serving as nut for the screw spindle, s. The alkali recep- 
tacle is placed in such a position within the bag that this 
sleeve projects through a suitable neck at the upper edge 
of the bag, a wire being wound round the neck to make the 
joint gas-tight. The hand wheel of the screw spindle is 
thus outside the bag and is fixed in a suitable manner, to 
prevent its being turned at the wrong time. By turning the 
spindle within the sleeve, the spindle presses on the glass 
bottle in the alkali receptacle, by means of an interposed 
rivetted metal plate, and breaks the glass completely, thus 
liberating the alkali. 

A rubber ring and cardboard disc protect the glass bottle 
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from contact with the metal. The entire alkali apparatus is 
enclosed in washed cloth, free from dressing, both to increase 
the surface of absorption and to retain the fragments of 
broken glass. At the neck end of the alkali apparatus is 
a sling, h, into which fits the butt end of the underlying 
oxygen bottle. 

4. The nose clammy N, is a simple spring clutch, the cheeks 
of which are covered over with soft leather. It is attached 
to the inhaling tube by a cord or chain ; and two are supplied 
with each apparatus. 

5. The wallet is in two parts, an inner and an outer one 
(the wallet proper). The former consists of a rectangular 
piece of stuff, in which the folded-up apparatus is enclosed 
(by folding the edges over), in order to keep out dust and air. 
A sealed paper band surrounds this package, which cannot be 
opened until the band is broken. In folding up the apparatus 
the parts are so arranged that the upper edge of the air bag 
(with mouthpiece and screw spindle of the alkali apparatus) 
are at the top of the wallet. When packed the parcel 
measures about 16 x 11 x 4 inches. For the apparatus stored 
in rescue stations near or in the mine the wallet may be 
replaced by an ordinary bag. 

Instructions for Using the Pneumatophor. 

The apparatus is put together in four stages : — 

1. Eemoval of the wallet and wrapper. 

2. Hanging the bag in position and gripping the mouth- 
piece between the teeth or lips. 

3. Breaking the caustic soda bottle. 

4. Opening the oxygen bottle and fixing the nose clamp. 
The wallet is opened by unbuckling the strap, tearing the 

paper band and removing the inner wrapper. 

In hanging the apparatus on the wearer, care must be 
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taken that the locking clamp, F, and the oxygen valve, r, are 
on the right-hand side. The back band, Tg, of the suspenders 
is placed over the neck, and the mouthpiece is taken in the 
mouth. In case of danger a little oxygen is then let out of 
the bottle ; otherwise the suspenders are first laid over the 
shoulders, passed forward under the arms and connected on 
the chest, underneath the apparatus. At the outset the 
mouthpiece need not be gripped by the teeth, but merely 
held between the lips. 

As soon as the apparatus is in position the alkali bottle is 
broken by turning the screw spindle to the right, with the 
right hand ; an audible crash and the sense of touch will 
show when breakage occurs. The liberated alkali then 
escapes and moistens the loofah pads. N.B. — The bag must 
never be laid or held in such a position that the alkali can 
run into the mouthpiece, or its caustic action will injure the 
wearer when breathing. 

As the supply of alkali is necessarily plentiful, in order to 
facilitate respiration, some of the liquid will be sure to run 
down into the lower part of the bag. It may, however, be 
easily redistributed over the pads by lifting the lower end of 
the bag sideways. 

Previous to the admission of oxygen into the bag, air 
must be inhaled through the nose ; but as soon as the oxygen 
is turned on, the nose clamp is put in position, and respiration 
is thenceforward effected through the mouthpiece alone. To 
open the oxygen bottle, the valve wheel, r, is grasped in the 
right hand and turned towards the rear, the oxygen bottle 
being meanwhile held in the left hand to assist the operation, 
as the first turn is rather stiff owing to the necessity of keep- 
ing the valve tight when not in use. The gas is admitted in 
10-20 small portions, and the valve need not afterwards be 
screwed up so tightly as before. The bag must not be too 
fully inflated or difficult breathing will result. The escape of 
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oxygen from the bottle is revealed by the hissing sound of the 
jet, and when this is no longer audible it may be concluded 
that the supply is exhausted. 

The Appcdratus in Use. — As already stated, the inhalation of 
oxygen from the bag is effected through the inhaling tube ; 
and breathing should be performed as quietly as possible. 
Only a small portion of the oxygen taken into the lungs 
during a breath is actually consumed there, and the expired 
air, therefore, consists of about 4 per cent, of carbon dioxide 
and about 96 per cent, of oxygen. The COg is absorbed by 
the alkali impregnating the loofah pads, whilst the oxygen is 
again inhaled, which procedure accounts for the long time 
the apparatus can be used with only a comparatively small 
quantity of oxygen — at least eight hours when the bearer is 
at rest or moving about gently ; whereas if he is doing work 
the oxygen supply will be consumed in about half an hour. 
After being in use some time the bag should be lifted re- 
peatedly in order to mix the contained air and cause the 
excess of alkali to flow on to the loofah pads. 

Uses of the Apparatus. — It is designed as a self-rescue 
apparatus for miners, and owing to its light weight (10 lb.) 
it can be taken down into the mine every day unless storage 
in an underground dep6t is preferred. For rescue parties the 
pneumatophor is naturally an appliance of great value, since 
it not only enables them to enter foul air but also to perform 
such tasks as repairs to ventilating tubbing and the like 
therein. The conjoint use of electric miners' lamps greatly 
increases the utility of the apparatus. Where smoke fumes 
are present, goggles should be worn. 

Training and Exercising in the use of the Pneumatophor. — 
Though the apparatus is so easy to manipulate, an occasional 
exercise in the use of the same appears necessary, so that 
there may be no mistakes made when an emergency arises 
for its practical application. This training may be carried on 
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by the aid of an exercising apparatus, so constructed that all 
the parts and functions of the real apparatus are clearly de- 
fined, though the alkali receptacle does not contain any glass 
bottle, and the smash of the broken glass is imitated by means 
of a spring device. The oxygen bottle is replaced by a dummy 
of wood or iron, the valve being connected to a flexible pipe 
supplying fresh air, so that when the valve is opened the in- 
rush of air to the bag imitates the hissing of the oxygen jet. 
In the absence of a compressed air supply the air bag may 
be connected to a bellows or air pump. The exercising air- 
bag is provided with a large slit so that the wearer breathes 
from and into the open air all the while. The men should 
be exercised in the following details : — 

1. Unpacking and fixing the apparatus in position for 
use, 

2. Breaking the alkali bottle. 

3. Admitting oxygen (compressed air), and fixing the 
mouthpiece and nose clamp in place. 

4. Inhaling and expelling air through the mouthpiece, 
particular stress being laid on quiet, regular breathing. 

5. The periodical tilting of the bag for the space of several 
breaths, in order to mix the contained air. 

6. Periodical re-opening of the oxygen bottle. When de- 
scribing the apparatus in general, attention should be directed 
to the protection of the seals. 

Taking to Pieces and Besetting the Apparatus ready for Use. 

Taking to Pieces, — ^After use the apparatus should be washed 
as soon as possible ; and in any case it should be quickly im- 
mersed in a large vessel of water, or filled with water through 
the mouthpiece, in order to dissolve the alkali carbonate and 
residual caustic alkali. Before washing, the following points 
must be attended to : — 
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1. Eemoving the suspenders, Ti,2, and the nose clamp, N. 

2. Loosening the cord or wire used to tighten the screw 
sleeve, s, of the alkali apparatus, and taking out the screw 
spindle. 

3. Unscrewing the locking clamp, 7, and removing the 
oxygen bottle /Sg. The cloth covering of the bottle should be 
washed or renewed. 

4. Plunging the bag. A, into water or repeatedly fiUing it 
with water, to rinse out the alkali — the human epidermis and 
textile fabrics being readily attacked by this latter ingredient. 

5. Eemoving the alkali apparatus, L, opening the same at 
the bottom in order to clear out the coarse splinters of glass, 
and repeatedly swilling it with water to carry away the 
numerous finer fragments. To loosen the rubber stopper and 
re-cover it for use over again, the neck of the glass bottle must 
be broken — an operation requiring caution. 

6. Taking out the loofah pads and turning the air-bag in- 
side out, the inhaling pipe being first drawn through the slit. 
The smooth inner surface of the bag is then rinsed with water 
and thoroughly cleansed from alkali by wet sponging. The 
pads are well rinsed with water and then immersed in clean 
water for several hours, after which they may be dried ready 
for use over again. 

Besetting is effected in the following order : — 

1. The bag being thoroughly dry inside and out, the 
loofah pads are replaced so as to take up a position below 
the oxygen bottle. 

2. The next step is to insert the alkali apparatus, -L, and 
the oxygen bottle, -Sg. The metallic vessel to hold the alkali 
is charged with the rubber stoppered glass bottle containing 
425 cc. of 40 per cent, caustic soda, the bottle being fixed in 
position by the iron ring and kept out of contact with the 
metal by means of a rubber band and ring, as well as by 
a rubber cap slipped over the neck of the bottle ; and a disc 
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of cardboard is set in the bottom. The metal vessel is placed 
in the small bag and provided with a sling strap which 
serves to suspend the lower part of the oxygen bottle, the 
whole being then slipped into the air bag; and the neck, 
which projects through the short rubber tube, is fastened to 
the latter by a binding of (preferably waxed) string or brass 
wire. The spindle, s, is then screwed into the neck and 
sealed to fix it in the position of repose. 

3. Charging the oxygen bottle, S^. This can be done 
anywhere, the supply being drawn from largp stock cylinders 
and filled by the aid of the Stohmann apparatus for this 
purpose ; or fresh bottles can be obtained from the makers. 
The full bottle, S^, tightly closed, is placed in its cover, 
which is also intended to absorb a portion of the alkali. 
The outlet tubes, h, are unscrewed (the opeiiing being turned 
to face the bottom of the alkali apparatus). The lower 
portion of the oxygen bottle is next slipped into the sling, by. 
and the neck is gripped by the bars of the locking device, F, 
the slit, S^, being then screwed-to, and the handwheel fixed 
with a seal. 

4. Last of all follow the attachment of the nose-clamps, 
N, and carrjring belts, T^, gi and the packing of the whole 
appliance into the wallet or bag. 

5. To pack the apparatus up in the wallet it is spread 
out and laid down, the mouthpiece against the end of the 
wallet, the locking device on the right. The loofah pads 
are pushed one over the other; the left side turned over 
aU along; the mouthpiece inserted; the carrying straps 
arranged and the lower part of the bag turned over the rest. 
The whole is then wrapped in the cover, surrounded by the 
paper bands, and placed in the wallet. 



78 RECOVERY W03K AFTER PIT FIRES. 

(b) Two Bottle Apparatus (Shamrock type). 
(Plate II., Figs. 10, 11 and 12.) 

On the invitation of Mining Councillor Behrens, general 
manager of the Hibernia Mining Company at Heme (West- 
phalia), Messrs. Waldeck, Wagner and Bender have put 
on the market a type of rescue apparatus, constructed by 
G. A. Mayer and particularly adapted for rescue work 
and other dangerous tasks requiring time for their accom- 
plishment. 

This apparatus consists of an air bag with loofah pads, a 
knapsack, oxygen tube with adjustments, a nose clamp, and 
wallet. 

The air bag. — The bag is provided with two loofah pads, 
each consisting of four pieces of loofah, for absorbing the 
alkali. 

The knapsack serves to contain two oxygen bottles capable 
of holding 60 litres (2*1 cubic feet) at 100 atmospheres 
pressure. 

The oxygen tube serves to conduct the oxygen from the 
steel bottle into the air bag. 

The nose clamp is a simple spring clamp. 

The wallet serves for the conveyance of the apparatus and 
its appurtenances, and also contains the alkali bottle, the 
wrench and the funnel. 

Instrtictions for Use. — The workman who carries the 
apparatus, and who, in most cases, will be the one to use it, 
hangs the air bag over his chest in the usual manner, the 
oxygen apparatus being slung over the shoulders and the 
two connected by hooks and eyes ; the belt, on the other 
hand, being allowed to hang down loose behind. The knap- 
sack is now turned with its strap side next to the wearer's 
back and, the lid being turned back, is drawn upwards over 
the oxygen bag, thus bringing with it the belt attached to 
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the latter; the lid is then turned up again and the straps 
are fastened on to the metal buttons provided. In this 
manner the wallet protects the valves and the alkali bottle 
which is placed inside the lid. The belt of the wallet is 
drawn forward and fastened over the air bag in front. 

When the wearer arrives at the place infested by the 
poisonous gases the wallet is removed, the oxygen pipe 
drawn out of the rubber neck at the top of the air bag ; the 
funnel carried in the side pocket of the wallet is placed in 
the rubber neck, and the alkali bottle (containing one litre of 
40 per cent, caustic soda) is emptied through the funnel into 
the air bag. Thereupon the oxygen pipe is replaced in the 
rubber neck and fixed by means of the connections. 

All the spanners, etc, for tightening up the various nuts 
and connections will be found in the wallet. The oxygen 
supplied is regulated in the same way as in the ordinary 
pneumatophor. One of the oxygen bottles is fitted with a 
smooth hand wheel, but that of the other is milled. As the 
contents of the one bottle must be used up first, say that 
with the smooth hand wheel, then as soon as this occurs the 
wearer knows that half of his oxygen supply is consumed, 
and he is thus enabled to know when to retrace his steps. 

G. A. Mayer ^ reports as follows on the employment of 
the pneumatophor in the rescue work after the fire at the 
Shamrock Pit (Westphalia): **One section of the pit was 
opened where the fire was in full swing, and the task to be 
accomplished was the restriction of the seat of the fire by 
means of dams. Before this could be done, a partition in a 
heading driven on the rise had to be removed ; but, owing to 
the preponderance of carbon dioxide in the atmosphere, this 
heading could not be traversed without the aid of a pneumato- 
phor, nor could it be reached by means of air-pipe apparatus. 

1 Behrens, Gluckaufy 1897, No, 49. 
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Moreover, the temperature was very high in consequence of 
the fire. By the aid of several pneumatophors, timbers 
were set up, and finally the partition was removed. In this 
heavy work and under the high temperature prevailing, the 
consumption of oxygen per minute was twice the normal 
amount ; so that, even with the double apparatus used, the 
men could not work more than an hour at a time. The 
subsequent masonry work and the! limitation of the fire to a 
very small area, were satisfactorily accomplished.*' Behrens 
states in the same paper, that however simple and easy to 
use the apparatus may be, it is indispensable that the men 
should be trained and accustomed to work with it. The 
prime essential is that they must accustom themselves to 
exercise care and economy in using the oxygen supply. 
Exercise with an apparatus without using oxygen is very 
useful for learning how to manipulate the apparatus, but 
practice in breathing with oxygen is absolutely indispensable. 
Experiments conducted at the Gerhard and Konig pits, 
near Saarbriicken,^ have fully confirmed the usefulness of 
the pneumatophor. ** While wearing the apparatus the men 
were able to move about, set up timbers, open and close 
doors, carry others on their backs, and perform similar tasks 
without diflSculty ; and in addition they were able to remain, 
without inconvenience, for considerable periods in experi- 
mental galleries, the air of which was filled with gases 
rendered irrespirable by burning engine waste and damp 
shavings. The length of time the apparatus can be used is 
estimated at between thirty minutes and an hour, a period 
which in many cases may be extremely valuable for purposes 
of rescue work. The pneumatophor has this great advantage 
over other forms of respiratory and rescue apparatus — that 

^ Zeitschrift fUr das Berg- Hiltten- und Salinen-WeseHj 1898, vol. xlvi. B, 
p. 129. 
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the wearers can go about anywhere with ease, and that it is 
both easily handled and inexpensive." 

Pneumatophors are also in use at the Gottessegen and 
Deutschland pits in the Konigshiitte district. A small 
form is extensively used in the Spanish lead mines, where 
outbreaks of carbon dioxide often occur so suddenly that the 
miners have to wear the apparatus continually whilst at 
work. The self-rescue apparatus (pneumatophor) has also 
done very satisfactory work in the Vienna Fire Brigade, its 
principal use being in locating the seat of a fire. 

The pneumatophor is also occasionally used at the Arch- 
ducal Collieries in the Karwin district, in such working 
places as are dangerous, or where the current conditions 
of working render quickness of attack imperative, e.g,, in 
cases of sudden outbreaks of gas in the headings, or in 
opening the valves of flooded pumps. It has also to be 
repeatedly used in boilers and flues, and under a variety of 
other conditions. 

« 

At the pit fire in the ZoUern shaft (Westphalia) on 22nd 
May, 1898, a rescue corps of seven officials and miners 
from an adjacent pit, provided with pneumatophors, did 
yeoman service both in the rescue work and in putting out 
the fire. 

The first cost of a complete outfit of ten sets of the 
two-bottle apparatus for a mine amounts to about £85, and 
the annual expenses of maintenance, including renewal of 
materials and men's time taken up in exercising with the 
apparatus, are about £35. A single set of the two-bottle 
apparatus costs £8 10s., but the price of the original type, 
which is recommended by the inventor where the men are 
not stationary during the work, is £6. Both forms are 
supplied by the above-mentioned Viennese firm. 
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THE NEUPEET EESCUE APPAEATQS (THE MAYEE- 

PILAE SYSTEM). 

(Plate III. Figs. 1 to 8 inclusive.) 

This apparatus, constructed by the firm, 0. Neupert's 
Successor (Vienna), to the designs of Mining Councillor 
Johann Mayer assisted by J. Pilar, consists — as may be 
seen from the illustrations on Plate III., Figs. 1 to 8 — of an air- 
bag, AA^y ilg, of double waterproof material with an opening 
in the centre (Fig. 2). Above this aperture is placed a sinoke 
helmet with smoke mask (Figs. 4 and 5), the latter being 
fixed air-tight against the wearer's face by means of a rubber 
ring, W (Fig. 5), which rests against a flexible strip of metal 
projecting inside the helmet and is covered with a rubber 
disc, P (Fig. 5), open in the centre to enable the wearer to 
see. 

In fitting up the apparatus the mask is first fixed over 
the face by means of a cross-strap, B (Fig. 4), passing over 
the top of the head and buttoned on to a second strap, B 
(Figs. 4 and 5). 

The smoke helmet is then drawn over the head so that 
one part of the air-bag, AA^ (Figs. 1, 2, 3 and 7), rests on the 
chest, the other part, A^ (Figs. 2, 3 and 7), resting on the 
shoulders. 

Although the mask will act equally well without the 
smoke helmet, H, this latter was chosen because, in case of 
need, the apparatus is intended to be worn when high 
temperatures prevail, such as in the case of pit and ^ther fires, 
under which circumstances the mask alone would not afford 
sufficient protection against radiant heat. For fire brigade 
work the helmet and air bag are made of leather ; since it is 
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necessary to protect the apparatus from direct flame, which 
the rubber material is unable to withstand. Furthermore, 
better protection against the intrusion of smoke fumes into 
the helmet can be afforded by the provision of a waterproof 
material, covering the neck and aperture, in case an insupport- 
able tightening of the straps should be necessary to make the 
mask fit perfectly air-tight. 

The front part of the air-bag, AA^, extends about 6 inches 
below the chin, so that the wearer's chest is left quite free and 
his power to do work is unrestricted. 

The helmet or mask is closed in front of the wearer's face 
by a glass disc, S (Figs. 1, 2, 4 and 7), which — as in the case 
of electrical miners' lamps — is protected in front by two 
crossed iron rods, K (Figs. 1, 4 and 5). This glass can be 
opened if necessary. When the apparatus is put on, the glass 
is left open so long as the wearer is moving in a respirable 
atmosphere, and is only closed when he enters the zone of 
smoke fumes, whereupon respiration with the apparatus com- 
mences. To enable the moisture settling on the inside of the 
glass to be removed without opening the latter, a movable 
pin is fitted in the middle of the disc and carries a small 
wiper, ie.y a strip of metal covered with doeskin, (Figs. 1, 4, 
and 5). 

Respiration is effected through two sheet metal pipes, a 
and b (Figs. 1, 2, 4 and 5), which are fitted with glass or 
rubber valves and serve to connect the mask with the air bag. 
The inhaled air is drawn from the one end of the bag, A^, 
through the pipe, b ; the exhaled air flows through the pipe, 
a, into the other division of the bag, A. In order to ensure an 
efficient separation of the inhaled and exhaled air the front 
portion of the air bag can be divided right up to the top by 
an internal partition, mn (Fig. 1), which, however, is not 
absolutely necessary, since the apparatus will act satisfactorily 
without. Furthermore, the sub-division of the air-bag helps 



84 EECOVEEY WOEK AFTEE PIT FIEES. 

to retard free respiration, since the air is obliged to circulate 
through the bag. 

The oxygen bottle, B (Fig. 7) is separately fastened on to 
a belt by means of a snap hook, and is first suspended over 
the shoulders, so that it lies on the hip like a soldier's cart- 
ridge pouch. 

The oxygen bottle is connected with the air bag by means 
of a flexible rubber pipe, N (Figs. 1, 4 and 7), which debouches 
into the bag close by the air-pipe, A^ This flexible pipe is 
generally a fixed part of the apparatus and is attached to the 
oxygen bottle by a screw connection. 

The size of the oxygen bottle varies according to require- 
ments. k^As a rule it holds 1\ litres of oxygen compressed at 100 
atmospheres, but a smaller size (1 litre) may be used for shorter 
periods, or a larger size (2 litres) when the working periods 
are longer. Nevertheless it is not advisable to have the 
oxygen bottles too large, since it is easy to detach the empty 
bottle, even when the wearer is in an irrespirable atmosphere, 
and replace it by a full one, which in such event must be kept 
in readiness. A change can be effected in five seconds, and 
it is advisable to close the ends of the flexible pipe with the 
finger?until the new bottle is ready to be connected. 

If it is found that carrying the oxygen bottle on tl^e hip 
incommodes the wearer, it can be slung farther round on the 
back. For the absorption of the exhaled COg and moisture^ 
solid absorbents are used. These are stored in an air-tight 
glassjcylinder and emptied into the front compartment of the 
bag AA-^ immediately before use. The apparatus can be 
fixed- ready for use in IJ to 2 minutes. 

The: admission of oxygen is effected according to require- 
ments in the same manner as in the Walcher-Gartner or 
similar apparatus, by loosening the screw, s (Fig. 7), the 
same precautions being necessary. If the valve is adjusted 
so as to^ supply a continuous moderate flow of oxygen the 
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wearer is saved the trouble of periodically opening the valve. 
This, however, cannot be expected from a wearer unskilled 
in the use of the apparatus. Attempts have been made to 
regulate the supply of oxygen by means of a reducing valve ; 
but, so far, this has not been found feasible, except at the 
expense of unnecessary complications. 

For the admission of the absorbents a slit, U (Figs. 2, 3, 
4, 5, and 6), which can be easily opened and closed by means 
of two hinged iron bars (Fig. 6) and a thumb screw (Figs. 3, 
6 and 7), is provided in the rearward part of the air-bag, A^. 
This slit also serves for cleaning out the apparatus after use, 
the cleaning being best efifected by a stream of water from a 
syringe or the like. This position of the slit at the rear of 
the air-bag was selected in order to avoid overloading the 
front portion and disturbing the mask. 

Potassium hydroxide (caustic potash = KHO), which is 
obtainable in sticks, was chosen as the absorbent, its use 
having been recommended by Dr. Heller. 11 lb. of the KHO 
is used for a two hour shift, i.e., double the theoretical 
quantity required, this increased amount accelerating absorp- 
tion and facilitating respiration. 

The oxygen consumption proposed is 2^ to 3 times tlie 
quantity theoretically necessary; because, notwithstanding 
care in fixing the mask, waste is inevitable. While the 
apparatus is in use a certain excess pressure is produced in 
the mask by the continual supply of oxygen, and it is to 
this that the comparatively high waste is due, particularly 
when the supply is not regulated. On the other hand, this 
excess pressure within the mask, prevents the inflow of smoke 
fumes or other irrespirable gases in which the apparatus is 
being worn. 

In breathing through the mouth, as in the Walcher- 
Gartner apparatus, the oxygen is utilised more economic- 
ally; but the extra consumption in the Neupert apparatus 
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RESULTS OF EXPERIMENTS MADE WITH 



No. 


Date. 


Place. 


Absorbent. 


Duration 

of 

Kxperi- 

ment. 


Oxygen 
Consumption. 


Chemical 
Composi- 
tion. 


Amount 
gramfl. 




Total 
litres. 


Per hour 
litres. 










H. M. 




1 


13/10 


Experimental gallery at 
Wilhelm shaft, in dense 
smoke. External tem- 
perature, 10° C. 


KHO 


600 


1 20 


88 


66 


2 




Experimental gallery at 
Wilhelm shaft, in dense 
smoke. External tem- 
perature, 10° C. 


KHO 


600 


1 14 


106 


86 


3 


11/11 


Experimental gallery at 
Wilhelm shaft, in dense 


KHO 


600 


2 1 


142^ 


71 






smoke. External tem- 








1 






perature, 9° C. 












4 


12/11 


Experimental gallery at 
Wilhelm shaft, in dense 
smoke. External tem- 


NaHO 


600 


1 33 


139J 


90 






perature, 0*6° C. 








1 

1 


5 


13/11 


Laboratory at Wilhelm 
shaft. Room tempera- 
ture, 20° C. 


NaHO) 
CaO j 


500 


60 


61} 


74 


6 


16/11 


Laboratory at Wilhelm 
shaft. Room tempera- 


CaCla 
CaO \ 
NaHO/ 


250| 
250j 


26 


30 


72 






ture, 20° C. 








7 


15/11 


Laboratory at Wilhelm 
shaft. Room tempera- 
ture, 20° C. 


KHO 


600 


2 10 


147 


68 


8 


10/12 


Experimental gallery at 
Wilhelm shaft, in 
smoke fumes. Tem- 
perature, 1° C. 


KHO 


600 


1 42 


100 


69 


9 


10/12 


Experimental gallery at 
Wilhelm shaft, in 
smoke fumes. Tem- 
perature, 1° C. 


KHO 


600 


2 10 


82 


38 


10 


10/12 


Experimental gallery at 
Wilhelm shaft, in 
smoke fumes. Tem- 
perature, 1° C. 


KHO 


600 


43 


■ 


^~— 
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THE NEUPERT RESPIRATORY APPARATUS. 



Remarks. 



Pressure in oxygen bottle (capacity 1*45 litres) before experiment, 89 
atmos. ; after, 29 atmos. Most of the absorbent became dissolved. 



Similar oxygen bottle; initial pressure 72 atmos. Mask rather leaky, 
hence the higher oxygen consumption. Breathing unattended with diffi- 
culty or perspiration. 

Improved mask. No difficulty in breathing. No perspiration. Wearer 
changed twice ; time occupied, 3 minutes. Bag temperature at end of ex- 
periment, 25° C. ; of absorbent, 38° C. 

Greater heat in mask than with KHO, hence higher oxygen consumption. 
Absorbent remained solid, its final temperature being 57° C. Wearer's 
pulse at end, 88 per minute. 

Cotton wool placed in intake pipe to keep back dust from absorbent, but 
soon became obstructed, hindered breathing, and induced perspiration. 
Final temperature of eixtemally unaltered soda lime, 44° C. 

The cotton wool in the pipe soon became obstructed, causing laboured 
breathing and perspiration, so that the experiment had to be quickly 
abandoned. 

Air bag divided in the front to separate inhaled and exhaled air. Final 
temperature of air bag, 31° C. ; of totally liquefied absorbent, 44° C. Analysis 
of air in bag, COj = 0*1 per cent. ; O = 28-7 per cent. 

Under official supervision of the Mahrisch-Ostrau Mining Board and 
special committee. Oxygen bottle, 1 C. = 100 CO. Experiment continued 
till all oxygen exhausted. Breathing easy, no perspiration. Temperature 
of absorbent several minutes after experiment, 27° C. 

Also under official supervision; different apparatus. Low oxygen con- 
sumption due to exact regulation of supply and wearer being inactive. 71 
CO remained in the 1^ C-bottle. Test discontinued, owing to wearer being 
too lightly shod to stand the cold in the gallery. No difficulty in breathing, 
and no perspiration. 

Also under official supervision, with a third apparatus, for observing the 
respiration and the handling of the apparatus. Oxygen bottle 1 litre cap- 
acity with 102 CO, only partially consumed. 
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is readily sacrificed on account of the far greater advantages 
obtainable. 

The weight of the apparatus (smoke helmet, including 
air bag and connecting pipe) is about 4f lb.; the oxygen 
bottle, containing li litre (150 litres compressed at 100 
atmos.), weighs 8*8 lb. ; the straps weigh 0*9 lb., so that the 
total weight is just over 14 lb., or, with 1 lb. of absorbent, 
about 16 lb. The apparatus is about 5 J lb. heavier than the 
Walcher-Gartner apparatus, though it should be remembered 
that we have here an oxygen bottle holding 1 J litres, and that 
the working period is therefore somewhat longer. 

By using a 0*6 litre oxygen bottle — which is perfectly 
admissible, since as already stated the bottle can be changed 
while the apparatus is in use — the weight can be reduced by 
nearly 4J lb. and the total weight would then be only just 
over 11 lb. or about 1 lb. heavier than the Walcher-Gartner 
apparatus. 

The preceding table gives the result of several respiration 
experiments performed with this apparatus. 

Mention may here be made of a statement by Dr. E. Heller^ 
who, as already remarked, recommended the use of caustic 
potash in sticks as an absorbent, and has carried out experi- 
ments therewith in the pneumatophor : — 

" Hitherto, in an apparatus fitted with fixed masks the 
wearers have suffered considerably in the face through steam 
and perspiration, a circumstance attributed to the use of 
liquid absorbents, in which case the water vapour produced 
during respiration is increased by that disengaged through 
the heating of the absorbents. It was hoped that by the use 
of caustic potash this troublesome water vapour could be 
abolished — an expectation that was fully realised. Further- 
more, the sticks, being readily broken into smaller pieces, offer 

^OesfeiT. Zeitschr.fUr Berg-'tmd HUtten-Wesen, vol. xlvi. (1898), No. 21. 
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a maximum of surface to the gas. Very frequently the ex- 
periments extended for two hours without the sHghtest for- 
mation of drops on the face of the wearer being discernible. 

'* All the experience gained so far shows that the apparatus 
most extensively used, whether for working in water or gas, 
are such as enable respiration to be performed in the normal 
manner, i.e,, through the mouth and nose. The reason for 
this is, most probably, that breathing with a mouthpiece and 
nose clamp requires practice, and that persons trying to 
breathe in this way cannot avoid experiencing a certain 
disagreeable and anxious feeling. Von Popp, who has had 
very extensive experience in diving with the East Indian 
Diving Company, avers that divers who will go to consider- 
able depths when wearing the Siebe apparatus cannot be 
persuaded to descend to more than slight depths with the 
Denayrouze-Eouquayrol (mouthpiece and nose clamp) appa- 
ratus, notwithstanding its great advantages. By reason of 
the mask, the Neupert apparatus exhibits the advantage of 
allowing the breath to be taken freely through the nose and 
mouth; and, in addition, the eyes are protected from the 
injurious influence of smoke fumes. In order to convince 
ourselves whether the apparatus allows perfect freedom of 
movement a number of tasks were performed, such as carry- 
ing individuals, working rotary pumps, etc., whereby we 
were able to confirm that all work of this kind could be 
carried out with ease and perfect freedom." 

Heller took gas samples from both the Neupert apparatus 
and the pneumatophor, under identical conditions. In the 
last-named apparatus a short tube was introduced through 
the front wall of the air-bag, and through this the samples 
were taken, partly during inhalation and partly during 
expiration (the apparatus was the original form of pneu- 
matophor). In both cases the analysis was made with the 
Orsat apparatus. Comparing the results it may be said that in 
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the Neupert apparatus the percentage of COg fluctuated, but 
never exceeded 4i vol. per cent. ; neither did the percentage 
of CO2 increase as the experiment progressed, nor were any 
pathologic phenomena observable. With the pneumatophor 
the proportion of COg increased with the length of the ex- 
periment and attained a maximum of 8'2 per cent. During 
the experiment fluctuations in the pulse and respiration of 
the wearer were noticed. 

Hence the experiment speaks in favour of the Neupert 
apparatus ; since, even during prolonged respiration, no patho- 
logic phenomena occurred, and consequently the apparatus 
complies with hygienic requirements. Pulsation curves, 
taken by means of the Eichardson sphygmograph during the 
use of the Neupert apparatus, are plotted in Heller's paper on 
exhalation experiments with a Neupert apparatus, published 
in the Monatsschrift filr Unfallheilkunde for 1898. 

Mining Councillor Behrens, general manager of the 
Hibernia Mining Company, instituted the following critical 
comparison between the Neupert apparatus and the pneu- 
matophor.^ — 

" The Neupert apparatus possesses the undoubted superior- 
ity over the Walcher pneumatophor that the employment 
of a mask, leaving mouth, eyes and nose free, does away 
with the inconveniences attaching to the pneumatophor in 
connection with the nose clamp and goggles and the necessity 
for taking the air-pipe in the mouth. 

** The Neupert apparatus exhibits the additional advantage 
of being mounted on the shoulders, and therefore does not 
impede the wearer's freedom of movement in any imaginable 
position, to anything like the same extent as occurs with 
the pneumatophor, which is carried on the chest. It must, 
however, be mentioned as a disadvantage of the Neupert 

1 OlUckauf, 1898, No. 22. 



APPLIANCES FOR WORKING IN IRRESPIRABLE GASES. 91 

apparatus that the air-bag is entirely constructed of rubber, 
a substance of doubtful durability when exposed to fluctua- 
tions of temperature and degrees of moisture in the air ; and 
that the very long seams in the bag are liable to cause 
leakage, with the material used. 

** The principal objection against the safe character of the 
Neupert apparatus, however, resides in the employment of 
two valves in the air-pipes. During the experiments in the 
Shamrock pit the defective action of these valves entirely dis- 
abled the apparatus in one case. Since the apparatus can 
easily get dirty when stored in chambers containing coal dust, 
the valves (thin mica plates) will undoubtedly be a source 
of trouble to any one working with the apparatus. Finally^ 
the use of a single oxygen bottle, suspended from a belt at 
the one side of the wearer, is less favourable than the double 
bottle fixed on the wearer's back. 

*' With reference to a combination of the two forms of 
apparatus, I might suggest that a connection between the 
Neupert mask and the air-bag by means of a single valveless 
pipe, would afford the best solution ; and also express the 
hope that both inventors would exert their powers in one 
direction in order to lead to a perfectly satisfactory solution 
of this important problem, to the advantage of the mining 
industry." 

Instigated by this critical comparison, Neuperts have 
latterly modified their apparatus, so that the outer covering 
of the air-bag is free from rubber and there is no rubber at 
all in the helmet. Furthermore, they attach great value 
to the circumstance that the whole of the caustic potash is 
placed below the air-pipes and not distributed all over the 
bag, since otherwise the surface of potash exposed is too 
small in comparison with the volume of air to be treated. 

The valves, which, on the occasion of an experiment in 
Heme (Westphalia), gave rise to the objection that the mica 
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discs were liable to stick when loaded with condensed 
moisture and reposing on too large a surface, have now 
been altered so that the discs rest only on a raised rim 0*5 
millimetre thick, instead of on a surface of 3 centimetres, 
sticking being thus prevented. 

In the improved valve (Plate III., Fig. 8) the aperture, A, 
is larger and the mica disc smaller. The valve cover is 
omitted, and replaced by a couple of crossed brass rods, KK, 
which hold the disc in position and allow a sufficient escape 
of air. The valves are set in opposite directions in the inlet 
and. outlet pipes. 

In this form failure is almost impossible ; the plates 
cannot stick, nor are they quite closed during the passage of 
the air. Even should the valves not act perfectly, the most 
that can happen is a disturbance of the air circulation, i.e., 
the separation of the inhaled and exhaled air — a circumstance 
which does not destroy the usefulness of the apparatus or 
involve the slightest danger to the wearer. The same firm 
«blso makes an oxygen-filling pump with which the bottles 
can be filled at 100 atmospheres pressure by hand. 

A complete set of the Neupert rescue apparatus, including 
the oxygen bottle, costs 80 florins (£6 13s.), or 70 florins 
apiece if ten sets are taken, whilst sets of fifty are supplied 
at 65 florins (£5 8s.) each. Empty oxygen bottles are 
exchanged for full ones containing 1^ litres of oxygen at 
100 atmospheres pressure for 3*75 florins (6s. 3d.), at Vienna ; 
and a full 10 litre bottle of oxygen at the same pressure is 
■exchanged for an empty bottle against payment of 15*50 
florins (25s. 9d.). 



V. EXTINGUISHING PIT FIEES. 

When the goaf packing is found to grow hot, the tendency 
may sometimes be successfully combated by cooling the rock 
with a brisk current of air. For this purpose, connecting 
ways are driven in the affected section and used for the 
conveyance of a sufficiently strong current of fresh air. For 
this method to be successful the heat must, of course, not 
have attained such a degree that slow decomposition has 
become actual combustion. In the latter case a current of 
air would only assist the fire ; and, therefore, a converse 
practice must be adopted and the fire stifled by perfectly 
air-tight dams or by the means described below. 

When a fire has actually broken out, one of the following 
methods must be resorted to : — 

(a) Chemical Means, 

The methods at one time extensively employed, namely, 
introduction of steam ; compressed carbon dioxide ; com- 
pressed acid ; carbon dioxide produced by burning limestone ; 
as also the introduction of other products of combustion, 
such as those from coal fires, etc., are nowadays used only 
on rare occasions. 

Mining Councillor Johann Mayer, in his pamphlet on the 
explosion of fire-damp at the Wilhelm shaft and the resulting 
fire and recovery work, refers to these remedies as follows : — 

" All these methods for quenching and extinguishing fire 
were known to us ; but after mature deliberation were dis- 
carded. 
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'* Steam, it is true, increases the volume of the enclosed or 
introduced air, and, therefore, supplies a relatively smaller 
quantity of oxygen to the seat of the fire ; nevertheless, 
steam, as such, can only be present in the degree of saturation 
corresponding to the temperature of the gases. When steam 
is supplied for a considerable time, the temperature in the 
burning section must be raised, which is a great disadvantage 
apart from the fact that, by reason of the resulting currents, 
it becomes very difl&cult to entirely exclude air from the seat 
of the fire. 

*'If the supply of steam is shut off for a time, the con- 
densation resulting from the lowered temperature produces a 
vacuum, which unnecessarily causes an inrush of air through 
all stoppings ; and this accession of air at the prevailing high 
temperature tends rather to feed the fire — which in view of 
the abundance of fire-damp in the mine would have been 
highly objectionable in the case under consideration. 

** Furthermore, it was found on testing samples of the 
gaseous products of combustion that, in consequence of the 
considerable amount of water in the burning section, they 
were already fully saturated, and consequently any further 
supply of steam would at best only lead to an increase in 
volimie, owing to the heightened temperature, and, therefore, 
produce a relatively lower oxygen content in the gas. 

*' If this heightened temperature is harmless, and no subse- 
quent spontaneous ignition need be dreaded, the advantages 
of steam are clear. The case, however, was different at the 
pit in question owing to its fiery character, which was in fact 
the actual cause of the fire and danger. We were, therefore 
obliged to endeavour to cool down the seat of the fire and 
thoroughly exclude access of air in order to arrest the 
chemical action going on in the interior — an object quickly 
accomplished by the erection of dams. 

** Cooling was to some extent facilitated by introducing 
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cold water in the ventilating and winding shaft and dis- 
tributing the same in jets. Broken ice, of which there was 
a plentiful supply in the late winter months, was also intro- 
duced. 

*' In any case, and apart from any other disadvantages, 
steam would have been useless under the prevailing con- 
ditions, since the fire went out as soon as the site was 
properly isolated. 

*' More favourable efifects would probably have attended the 
employment of compressed liquid carbon dioxide (carbonic 
acid) and compressed sulphurous acid. These gases are 
already manufactured for other industrial purposes. Their 
introduction would certainly increase the volume, and reduce 
the temperature of the gases and thereby quickly put the fire 
out. 

" In using these gases it would be necessary to conduct 
them direct to the seat of the fire and keep them there, since 
otherwise air would gain access before the work of isolation 
had been accomplished, and thus requicken the fire. 

** To be successful, cooling must be continued long enough 
to preclude all danger of spontaneous ignition, a period which 
no one could properly estimate. 

*' Apart from the circumstance that it would have been 
necessary to have the gases in question available as soon 
as the outbreak occurred (a somewhat difficult matter) the 
quantities necessary would have been so large as to preclude 
their employment, on the score of expense alone. 

** Furthermore, compressed sulphurous acid is poisonous, 
and, therefore, undesirable to introduce into the workings, 
since it would have been necessary to clear them again. On 
oxidation, sulphurous acid furnishes SO3, and the resulting 
decrease in volume produces a vacuum which sets up strong 
currents of atmospheric air ; an objectionable circumstance 
in view of the fiery nature of the workings in question, seeing 
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that the danger of a requickening of the fire could not be 
excluded. 

** Even if the seat of the fire could have been completely- 
isolated , in order to prevent access of air during the introduc- 
tion of gas, the use of this very expensive remedy would not 
do very much good, the extinction of the fire being certain to 
follow the erection of dams, without any further measures. 

*' The introduction of uncompressed carbon dioxide, pre- 
pared, for example, by burning limestone, or the introduction 
of any other products of combustion, would naturally do 
little good if not harm. With these latter, even in the most 
favourable cases, the products introduced would contain 
more oxygen than the gases imprisoned in the burning 
section, even a few days after the outbreak. In both 
instances the cooling of the gases previous to their introduc- 
tion would be desirable and necessary, a condition that 
would lead to particular complications without any result." 

According to C. Demanet, good results have been attained 
by the employment of specially prepared gases incapable of 
supporting combustion, large quantities of carbon dioxide 
being introduced into the pit, and thus removing oxygen 
from the seat of the fire. The details of this process, which 
has been used, for example, at the Agrappe Pit, near Mons, 
are as follows : A coke fire is built near the mouth of the 
intake shaft, large enough to produce copious volumes of 
carbon dioxide, the gas being then conducted through a pipe 
into the shaft, which is closed air-tight at the mouth. If 
necessary it is cooled by the aid of water jets. 

The up-cast shaft is also covered over, but is fitted with a 
pipe, through which the pit-air, displaced by the generator 
gases, is able to escape. 

The fire is kept up for several days in order to fill the 
entire pit with carbon dioxide and nitrogen. The attainment 
of this object can be ascertained by examining the gases 
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escaping through the upcast shaft. The furnace can then 
be put out and the pit closed up, so as to leave the fire to 
cool down quietly by itself. 

In Scotland, where this method has also been success- 
fully applied, the carbon dioxide was partly produced by 
burning limestone, the heated gases from a coke furnace 
being passed through limekilns, and thereby carrying away 
the carbon dioxide of the limestone. Concurrently with the 
introduction of the gas, high-pressure steam, which had 
been passed through a layer of water and thereby become 
laden with finely-divided moisture, was blown into the shaft. 

(b) Extinction with Water, Dragging Down the Burning Masses 

and Packing with Clay. 

Occasionally when the fire is of small extent, especially 
in headings, it can be put out by deluging with water 
(manual engines), in which case good service is often done 
by the use of respiration apparatus and electric lamps. 
Furthermore, glowing masses are often covered up with clay, 
which prevents the extension of the fire ; and dragging down 
and carrying away the burning mass is particularly effective. 
In the coal pits of South Hungary, fires in preparatory and 
step-work headings are extinguished by water (manuals), 
assisted by the pulling down and removal of the burning 
mass, and packing the resulting space with clay. In one 
fire at the Gustav shaft (Anina) in 1893, no less than twelve 
manuals were required. Where the pit is fitted up with 
water pipes for keeping down the coal dust, these are 
extremely useful in case of fire. In order to enable the 
workers to approach the seat of the fire, a good supply of 
air must be kept up. 
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(c) Insulating the Seat of the Fire by Dams. 

If the fire is not very extensive, and is easily accessible, it 
can often be quenched in its infancy. Many circumstances, 
however, may militate against this result. Frequently the 
fire is accessible from one side only, being unapproachable 
from the other on account of the smoke and products of 
combustion. If the fire has already attained any size it can 
no longer be put out ; and it is often difl&cult or even im- 
possible to set up the pumps in the vicinity of fire or to 
procure a plentiful supply of water early enough to be of use. 
Finally, and especially when the workings contain fire-damp, 
it not infrequently happens that approach to the fire is 
prevented by the occurrence of explosions. Consequently 
when the above-named means cannot be used, or have been 
proved ineffectual,, attempts must be made to stifle the fire by 
excluding air, i,e., by isolating the seat of the fire by means 
of air-tight dams. 

The following appliances, etc., are useful in combating 
pit fires : — 

1. A sufficiently powerful ventilating current. 

2. The provision of separate ventilation by means of 
tubbing and ventilating fans kept in readiness. 

3. Filled water buckets with hose and squirts. 

4. Tarred canvas sheets. 

5. Boards, planks, nails, hammers, etc. 

6. Several tubs with clay stopping and plastic clay. 

7. A reliable and skilled overman. 

8. A selected, healthy working staff sufficiently numerous 
to admit of frequent changes. 

9. Provision of refreshments and restoratives (e.^., black 
coffee, but no spirits or beer). 

10. A stock of respiratory and rescue apparatus. 

In the fiery mines of South Hungary, the extremely gassy 
nature of the coal seams and the overlying clay shales. 
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coupled with the heavy pressure of the cover rock, renders 
the work of recovery after fires one of the most exacting 
and dangerous tasks imposed on the mining industry. It 
being impossible to review in anything like a comprehensive 
manner the numerous instances of recovery work occurring 
within the past century, we must confine ourselves to re- 
capitulating a few of the most important of the precautions 
generally adopted against these fires, leaving to a later 
section the question of dam building as practised in the 
said district. 

1. In attacking the fire direct, i.e., endeavouring to ex- 
tinguish it with water, and at the same time pulling 
down the burning coal, etc., and packing the resulting 
hollow spaces — which measures are preparatory to the con- 
clusion of the work of isolating the seat of the fire — a plenti- 
ful supply of fresh air, free from fire-damp, must be employed 
in order to protect the men from troublesome smoke and 
fumes, and prevent the spontaneous ignition of fire-damp 
present in the ventilating current. 

2. All the materials, boards, clay, etc., necessary for the 
preliminary recovery work must be kept in readiness at 
suitable places in the pit. 

Each pumping sole should be fitted with a water main 
provided with screw connections for the attachment of hose 
pipes and sprinklers to keep down the troublesome and 
dangerous coal dust, and also for driving ventilating fans in 
case of need. A water main of this kind greatly facilitates 
the prompt extinction of an outbreak of fire. 

3. Dams built of brick or stone are of no use in pits 
where the rock pressure is heavy. 

Both in such cases and also when the danger of repeated 
explosions renders it necessary to quickly isolate the seat of 
the fire, wooden dams, the intermediate spaces of which are 
packed with clay, act admirably. 
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No timbers should be left in clay dams. Moreover, since 
these dams dry in course of time and become leaky, they 
must then be replaced by masonry dams set up at a distance 
in the solid rock. Lining the adjacent surface of the head- 
ings forms a valuable complement of dam work. 

4. Valuable indications of the staunchness of dams are 
afforded by occasionally reversing the ventilating current.^ 

The dams should be supplemented by employing a current 
of fresh air to prevent the outflow of depressing smoke-fumes, 
until such times as a reversal of the current ceases to reveal 
any further escape of such fumes. 

5. Any safety works damaged by explosions must be 
immediately repaired and strengthened in the intervals — 
generally short — between successive explosions. In the 
district referred to, these intervals appear to be never less 
than half an hour. 

6. The greatest danger of spontaneous ignition occurs, 
not while the fire is being directly attacked, but just before 
the work of isolation is completed, since, at this latter period, 
the small amount of air present in the burning section forms 
explosive mixtures with the fire-damp, and these mixtures 
are ignited by the fire. 

The final work of isolation is most suitably effected by 
means of a ready-made protecting wall, door or barrier, of 
wood or iron. 

7. The provision of headings surrounding the working 
sections, and serving as main haulage ways, has been found 
to answer admirably at the Anina collieries ; since the 
haulage work, pumping and ventilating of the unaffected 

* At Kladno unsuccessful attempts were made for several weeks to suppress 
a very strong fire which could only be isolated by two dams. The No. 1 dam 
in the one heading was got at and closed, but the copious smoke fumes 
prevented access to the dam in the second heading. However, on slightly 
opening No. 1 dam and reversing the air current, it soon became possible to 
close both. 
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sections of the pit can be carried on through these headings, 
both during the continuance of the fire and also after its 
isolation. 

When the haulage ways are driven through rock exposed 
to greater pressure, the cost of driving and maintaining 
these headings is covered by discarding the older ways and 
transferring all the haulage to the new headings. 

8. When the fire is not very extensive and it is desired 
to resume working, without waiting for the natural extinc- 
tion of the fire by isolation, the burning section may be 
flooded. This treatment, followed by drawing off the flood- 
ing water, enables the object in view to be accomplished in 
a comparatively short time. Flooding the entire mine may 
be practised as a last resource when all other means prove 

I 

of non-avail. 

Of course, the measures described above may possibly 
require modification in some respects when applied under 
different circumstances to those prevailing in the South 
Hungarian pits. 

DAM BUILDING. 

Where the coal has a tendency to spontaneous ignition, 
it is highly advisable to facilitate the erection of fire dams 
by getting the sites ready beforehand and storing the dams 
in readiness near by. Previous to building a masonry dam, a 
temporary one of boards plastered over with mortar may 
be set up. In Upper Silesia, masonry dams are built 20-33 
feet in height, with a thickness of 40 inches at the top and 60 
inches at the base, which is sunk a depth of 15 inches in the 
floor of the gallery. Cross dams are preferably made double, 
the intermediate space being filled with sand. Cement or 
hydraulic mortar is used for setting the masonry. To enable 
the composition of the fire gases to be examined, a pipe is 
built in the dam and another is provided for draining off aiiy 
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water that may accumulate. A thermometer is hung on the 
dam in order to facihtate temperature determinations, and a 
thin plaster of clay is laid over the surface, so as to reveal any 
cracks that may form in the masonry. 

According to Kohler the preliminary damming of a head- 
ing is effected by nailing horizontal, slightly overlapping 
boards on to uprights and plastering the surface over with 
lime mortar, this being less liable to crack than clay. Any 
fissures in the seam must also be filled up ; and a hole closed 
with a wooden plug is bored through the dam. As soon, 
however, as a fire breaks out a masonry dam is put up. 

At the Waldenburg pits, restraining dams to keep back 
the fire were built of clav, loam or brick-ends. These were 
followed by double dams, set in recesses 20 inches deep 
extending all round the roof, walls, and sole of the gallery ; 
the dam nearest the fire being 3 bricks thick and the other 
2 bricks thick, while the space between them is filled with 
sand. At the present time, stone or brick dams (the latter 
more frequently) are employed in Upper Silesia, the mortar 
for setting being made of 1 part lime and 3 parts sifted slag 
from zinc furnaces, or sand — clay mortar being used only in 
the immediate vicinity of the fire. The surface of the dam 
is plastered over quite smooth. Similar steps are adopted in 
the Saarbriicken collieries. 

Even when the working section is surrounded by safety 
pillars, cross dams are often insuJBScient, and in such event 
longitudinal dams are built along the face of the surrounding 
pillars ; this is also done when it is desired to isolate the 
fire from a passage way. In England, it is sometimes the 
custom to build two parallel dams, leaving an air- way which 
can be used for traffic and also for drainage. Large dams of 
this kind are to be found at the Beden colliery, near Saar- 
briicken, and in Upper Silesia, especially at the Konig pit. 
At the latter place, in one seam, a dam, 26-30 feet high, 40 
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inches thick at the top and 60 inches through at the base, 
has been built of brick and slag or sand mortar ; clay being 
used where the dam is exposed to the fire. The effect anti- 
cipated has not, however, been fulfilled — a prolongation of 
the dam being necessary. 

It is highly advisable to plaster such dams and the coal 
face smoothly over with mortar, as well as to sprinkle them 
thoroughly with water. Water under pressure is admitted, 
for cooling purposes, into the safety pillar ; and at the Fanny 
pit (Upper Silesia), a stratum of air is left for the same 
purpose between the dam and the face. A Pife dam set 
up across the seat of the fire at the Caroline pit (Kattowitz) 
was found not to answer. Again, at the Morgenroth pit, 
near Myslowitz (Upper Silesia), the fire broke through, 
despite the dams, and destroyed the shaft lining and pit head 
buildings — a similar occurrence also happening at the Skalley 
shaft of the Konigin Luise pit, near Zabrze (Upper Silesia). 
In Bohemia triple dams have been successfully used to keep 
back a fire from the unattacked workings. 

Very often double dams filled with sand are set up, with 
an intermediate space only 1 foot through ; at the Haith 
colliery, near Dudley, a space of 40 inches is left. 

At the Prinz Schonaich shaft of the Konigin Luise pit 
mentioned above, attempts have been made to construct per- 
manent fire and air dams of old wooden blocks 40 inches 
long, thickly plastered with mortar, instead of using brick- 
work. The more tightly these dams are squeezed by roof- 
or wall-pressure the better they fulfil their purpose ; at the 
same time their erection saves material, time and labour.^ 

The air-lock dams built during the recovery work at 
Karwin subsequent to the accident of 14th June 1894, will 
be fully described later on. The idea at first was to close 

^ Berg und Hiittenmdnnische Zeitung, 1894, No. 18. 
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the galleries provisionally by wooden partitions rendered air- 
tight by means of felt; but it was soon discovered that 
carefully erected masonry dams, 12 inches thick, were more 
convenient and firmer than partitions, besides saving time, 
and therefore all the temporary dams were made of well-burned 
bricks set in mortar (one part cement to three parts sand). 
In addition they were plastered over carefully with cement 
mortar, and such of them, as were intended to serve as air- 
locks during the subsequent operations, were provided with 
solid, planed, single doors and screw fastenings. 

** Explosion-proof " dome-shaped dams were made 40-60 
inches thick, with the convex side nearest the seat of the fire, 
and mounted on well-laid cemented masonry, set in recesses 
in the roof, walls and sole. 

The dams used in the lignite mines of North- West 
Bohemia, which generally have to stand high temperatures, 
will be described in dealing with the recovery work at the 
Pluto shafts near Wiesa. In many of the Kladno pits the 
first dams were made of nothing but two wooden partitions 
with a filling of rubble. At present, old wooden blocks laid 
end-on in the gallery are preferred for this purpose. Some- 
times the spaces between the blocks are filled with rubble, 
clay dams being built up at each end to keep the filUng in 
place. These wooden dams, however, are no use when a fire 
has once broken out, being too liable to take fire themselves ; 
nevertheless they are cheap and easy to set up. More recently 
the practice has arisen at Kladno, of plastering the masonry 
dams with a layer of coarse mortar, covered with fine mortar 
and faced with hot pitch, which makes them exceedingly 
staunch. 
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DAM WORK IN THE FIERY PITS OF SOUTHERN HUNGARY. 

(Plate V. Figs. 14, 15, 16, 17, 18.) 

Three types of dam are in use ; cross or transverse dams 
of clay or masonry, gallery linings and longitudinal dams. 

(a) Gross-dams of Clay. 

There are two classes of these dams : plaster dams and 
stop dams. 

Plaster dams (Fig. 15) are set up in the galleries when a 
fire has broken out through explosions of fire-damp or coal 
dust and where a rapid isolation of the fire is necessary to 
prevent danger from renewed explosions. The clay is hauled 
in tubs and formed into balls by hand or filled into iron 
slings. 

Assuming the gallery, AB (Fig. 15), containing the brattices, 
a and 6, has to be shut off from a fire situated towards the 
right. After removing the rails, the brattice, b, is strengthened 
by the log, s, and lateral sprags, c, and is then boarded over on 
the side next the fire, or, when an explosion is dreaded, pro- 
tected with scantlings. The brattice, a, is also covered with 
boards, and at the same time the space between a and b is 
filled with rammed clay. Finally, a is strengthened in the 
same manner as b. By means of this kind of dam an out- 
break of fire caused by a coal dust explosion at the Ebnna 
shaft, on 20th October, 1894, was successfully isolated in a 
very short time. 

Stop dams are of clay, 3 feet to 33 feet in thickness, and 
are used at Anina to check the rapid spread of fire pending 
the erection of masonry dams farther to the rear. They are 
built in recesses hewn out to a depth of as much as 40 inches 
all round the gallery and extending the whole length of the 
dam. The ends are faced with boards or posts. 

Where stop dams have to be built in sloping galleries, and 
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there is danger of an explosion, a protecting wall (Fig. 16) is 
first set up, about a yard nearer the danger side. This wall 
is made of log framing, a, covered with boards or planks,- b. 
A 2|-inch cast iron pipe, e, on the sole of the gallery, is 
carried through the dam and wall in order to prevent any 
dangerous accumulation of fire-damp behind the wall during 
the erection of the dam. 

These sloping galleries debouch into the main heading of 
the upper deep workings (Fig. 17) through a vertical cut, a, 
and a cross heading, 6, since if they opened direct into the 
main heading the water in the latter would run down into 
the workings. 

To erect a dam in the sloping gallery, the cut, a, is shut off 
by nailing board partitions, d, on to the beech or oak log frames, 
c, and the intermediate space is packed with clay. Sometimes, 
the cross heading is also filled up with clay and shut off by a 
wooden partition or by the gallery lining, e. 

(b) Masonry Dams. 

On account of the heavy rock pressure these are seldom 
used, since they are liable to burst in a very short time, 
whereas the uniform and gradual pressure merely increases 
the staunchness of the clay dams. When used, masonry 
dams are generally made three to six bricks thick. 

Portland cement is employed for setting the bricks. 
These dams are built in recesses cut into the walls of the 
gallery ; and are either solid, to ensure complete isolation, 
or are pierced by doorways of sufficient size to prevent 
hindrance to the passage of horses. The doorways are lined 
with close-fitting oak frames, carrying one or two doors, 
which merely require shutting to isolate the gallery, the 
space between them being filled with clay or bricked up, 
according to the time at disposal. Both clay and masonry 
dams are luted with wet clay, and the surfaces smoothed over. 
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Cross dams are often insufficient to isolate the fire, even 
though the section is surrounded by thick safety pillars, the 
latter being frequently cracked owing to the heavy pressure 
from above, or traversed by undetected fissures. In such 
event, gallery linings and longitudinal dams must be resorted 
to. 

(a) Gallery Linings, 

The simplest form of lining a gallery is by nailing boards 
on to the existing timbers (about 40 inches apart) so that the 
walls are covered on both sides (Fig. 17e), the space behind 
the boards being then packed with clay. These linings, 
which are employed both in level and sloping galleries, are 
often more than 100 yards long, and usually terminate in 
clay dams, as shown in Fig. 16. 

Galleries with iron timbering can be isolated in a very 
effective manner by lining. The elliptical form of iron 
timbering shown in Fig. 18 has been employed at Anina 
ever since 1869 ; and at present nearly 3,000 yards of gallery 
are timbered with old iron rails weighing about 50 lb. per 
running yard, bent in the elliptical form. The rails are 
heated to redness in a furnace and bent to pattern in a 
machine, each pair being attached by fish plates above and 
below, and mounted on oak sleepers set in the solid floor. 
Overlapping oak planks are nailed on to the iron timberings, 
which are set 2-3 feet apart, an interval of 8-12 inches 
being left between each pair of planks to allow the creeping 
rock to make its way through — a precaution of some import- 
ance in clay shales. When a gallery timbered in this manner 
is to be lined on account of fire, a sufficient number of boards, 
a, are slipped into the grooves between the heads and feet 
of the curved rails, to make a tight lining, the space at the 
back being rammed full of clay. 

{h) A longitudinal dam, built in a 16-feet main seam, is 
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shown in Fig. 14, which at the same time illustrates the 
method of working pursued in the Anina pits. 

Simultaneously with the advance of the double-track 
longitudinal haulage way, aa^ through the seam, the top lift, 
h, is taken out ; and finally, as the bottom lift, c, is being 
worked towards home, the goaf is packed with clay. 

By imagining a series of such longitudinal dams, one 
above another, so that the miner is always standing on 
clay, an idea will be gained of the typical method adopted at 
Anina. 

WAGNER'S PORTABLE SAFETY DAM. 
(Plate IV., Figs. 1-7.) 

This dam offers the advantage of enabling all the 
approaches to the seat of a fire to be closed in a very short 
time and with a small working staflf. Combining as it does, 
ready portabiHty and lightness with great stability, this dam 
can be set up very quickly and easily in galleries of any 
dimensions. 

The 'illustration (Fig. 1) shows the dam extended ready 
for use. The principal feature of the apparatus is the bag^ 
which, when not in use, is folded up in the frame, but for 
use is blown out in the form of a hollow wall shaped like 
a mattress, this measuring 13 feet square in the example 
shown in the drawing. The front and rear walls are con- 
nected by a number of bands 14-16 inches long. 

The bag is made up of an external layer of very solid, 
closely woven tissue, carefully coated on the inside with 
Para rubber and doubled with balloon cloth coated with 
Para rubber on both sides ; this latter tissue, however, is 
omitted as superfluous in the case of sizes below 8 feet 
square. Leather eyelets, o, are provided at the top, on the 
front walls of all bags measuring more than 80 inches in 
height. 
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The bag is mounted on the frame, which is in the form of 
a box and consists of front and rear walls connected by stay- 
bolts and covered with sheet iron. It is provided with four 
legs that can be turned up on their hinges to enable the dam 
to be carried through narrow headings and doors. The frame 
also serves to hold the bag when not in use (deflated), and 
carries on its front face all the necessary fittings, to wit : — 

A large air-cock, to which is screwed the flexible pipe for 
inflating the bag ; a small air-cock with attached bellows, the 
use of which will be apparent later on ; the cap of the deflating 
aperture, by means of which the dam can be quickly emptied 
of air ; the valve, with its water vessel, the same being a 
water valve, and consisting of a C7-tube with a superimposed 
overflow basin. The ascending limb of the U'-tube is fitted 
with a gauge glass, marked by a wire half-way up and by a 
painted black line 2 inches higher. 

The C7-tube is filled up to the wire mark with water 
admitted through a small bent tap. When the excess air 
pressure in the dam reaches x^ atmosphere, the bag is 
already more than sufficiently inflated, and the water will 
then have risen as high as the painted mark on the gauge. 
At an excess pressure of ^ atmosphere, the valve blows off, 
the ejected water being caught in the overflow basin and 
returned to the C7-tube, after the air has escaped, to again 
act as a seal. The valve thus serves as a pressure gauge and 
safety valve protecting the apparatus against the consequences 
of excessive inflation, whether due to inattention in blowing 
out the bag or to the expansive influence of heat. The water 
vessel holds enough water to fill the valve three times. 

The Stretcher, — The two bars of the stretcher are pushed 
out against the walls of the gallery, and serve both as struts 
for the frame and supports for the partly-inflated bag, as 
shown in the other illustrations. 

The spy-glass in the front wall coincides with a larger 
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glass in the rear wall, the two facihtating observation of the 
state of affairs behind the dam. 

Instructions for using the apparatus are given on a tablet 
attached to the front plate. 

The frame also carries four strong leather handles, through 
which a couple of wooden staves can be inserted, if desired, 
for carrying the apparatus ; there are likewise eight leather 
straps for securing the folded bag in the frame, and two 
cords, the use of which will be described presently. 

Other fittings include a couple of ash staves for carrying 
the dam, fitted with brass hooks at the ends so that they 
may be used in setting up the larger size dams (over 6 feet 
high) in position. 

When not in use the whole apparatus is enclosed in a 
sheet-iron case, which is easily put on and taken off, a wire 
rod and padlock serving to fasten it when required. On the 
front flap are two bays, one of which receives the large 
air-cock projecting from the front wall of the frame, whilst 
the other is closed by a slide on the inner side and serves to 
contain a wallet, fitted with a repairing outfit and instructions 
for executing small repairs to the bag. Four iron lugs on the 
back wall of the case fit into the metal slots on the bearer 
staves, which are fastened by means of two wire rods and 
padlocks to prevent their unauthorised removal. All three 
padlocks work with the Same key, and where several sets of 
apparatus are supplied together one key will do for all. 

Fig. 2 shows the apparatus packed up for storage, with 
the bearer staves fixed at the back. The projecting ends of 
the stretcher are protected by sleeves. The air-pump shown 
underneath the package is a strong hand-lever pump of high 
capacity, able to inflate the bag in a very short space of time. 
The lever can be turned over to enable the pump to be carried 
through narrow doors and galleries. Connection between 
the pump and air-bag is established by flexible wire-lined 
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hose-pipe of a length suitable to the requirements of each 
case ; experience has shown that the pipe should be at least 
50 feet long. 

The men should be exercised in the use of this apparatus 
at least twice a month, in the mine, and properly instructed 
in cleaning and packing the whole — a set of men from each 
shift being entrusted with these tasks. 

The method of using the apparatus is shown in Figs. 
3, 4, 5 and 6. The dam is got ready for use, at the place of 
storage — a work of only 2-5 minutes — and is carried by two 
men down into the place where it is to be used, the bearer 
staves being pushed through the leather handles for this 
purpose. Two other men follow with the air-pump and 
piping. The smaller sizes, up to 7 feet square, being light 
can be carried by one man, and are, therefore, provided with 
two rings and a belt ; in this case three men only are needed. 

Arrived at the place where the dam is to be fixed, the 
staves are removed and the dam set up on its legs in the 
middle of the gallery (Fig. 4), two of the men lifting the 
apparatus so that the feet hang down and are fastened by 
the snap hinges. The bag is then taken out of the frame, 
the valve charged with water up to the level of the wire, and 
the pipe ends connected up with the air cock and pump. Air 
is next blown in until the water rises to the top of the valve 
glass or the valve blows off, whereupon the pump is stopped, 
the air-cock is shut and the pipe disconnected, thus leaving 
the pump and piping free for inflating another dam. 

Fig. 5 shows how the partly inflated bag is drawn into 
position against the walls of the gallery and held there by 
sliding out the bars of the stretcher. 

Fig. 6 shows the bag inflated |ths, and how the upper 
edge is directed into the irregularities of the roof timbers by 
means of the hooks, at the end of the bearer staves, and the 
eyelets on the bag itself. 
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After the bag has been laid in position and accommodated 
itself to the irregular contour of the gallery, the latter will 
be found perfectly isolated by a rigid wall. Any opening left 
against the roof timbering must be stopped with clay. When 
experienced hands are employed, the erection of the dam will 
be complete in five to ten minutes, at most, after their arrival 
on the spot. Each dam will effectually close any gallery of 
smaller sectional area than its own, and will adapt itself to 
any profile. 

When the bag is inflated and the pipe disconnected, one 
man vnll be sufficient to attend to the dam. The unavoid- 
able slight porosity of the fabric causes the inflation to 
gradually diminish, and consequently, when the water level 
of the gauge has receded to the black mark, the attendant 
must replenish the air supply with the small hand bellows, 
and by way of the smaller air-cock, so as to keep the water 
level between the black mark and the upper edge of the 
glass. Should the air in the bag become so far expanded by 
heat that the internal pressure becomes excessive, the valve 
will blow off, re-closing automatically by the reflux of the 
water after the surplus air has escaped. This provisional 
dam can be kept in position for several hours or days, while 
a solid dam is being erected in front and protected mean- 
while from the fire gases. The permanent dam is provided 
vdth a tight-fitting door of sufficient size, and, as soon as this 
is ready, the safety dam can be taken down again, a task 
requiring the services of two men. To this end the stretcher, 
rods are pushed in and the cap of the deflating aperture is 
quickly opened full; the bag collapses immediately and, 
being rolled up as well as may be, is withdravsm through the 
dam doors, which are then closed. Thanks to its lightness 
the recovery of the safety dam can be quickly accomplished, 
and hence it is never abandoned. 

The seat of the fire being thus isolated in one place, the 
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safety dam can be used in a similar manner elsewhere. To 
convey it to its new position, or back into storage, the bag is 
rolled up as evenly and firmly as circumstances permit and 
is then bound round with the cords already mentioned, so as 
to prevent it dragging on the ground and suffering damage. 
The legs are folded up and the bag carried by the staves, 
pushed through the handles. Before putting away, the dam 
is carefuUy cleaned and packed up. 

The dam may be carried about above ground without 
removing the outer metal case, the bearer staves being fixed 
in position on the rear wall and lifted by two men, while a 
third folds up the legs and fastens them with the straps pro- 
vided for that purpose (Fig. 7). 

For transport to a distant shaft the staves are removed 
and the apparatus corded on to a truck, the bearer staves 
being also fastened on the truck by passing the leg straps 
through their metal slots and buckling the straps together. 
The piping and air pump are also carried in the same 
conveyance. 

The price of this dam varies according to the dimensions 
of the bag, there being eleven different sizes made in single 
cloth and seventeen in doubled material. The patentee is 
Eichard Wagner of Michalkowitz, Upper Silesia, and the 
manufacturer Carl Schwanitz. 

Experiments with this portable safety dam have been 
carried out at the Konigin Luise pit in Upper Silesia,^ in 
an untimbered stenting, 5| feet square, traversed by a strong 
draught. The time occupied in fixing up the dam by two 
men was only 4 minutes 20 seconds. The air pressure in 
the bag was ^ atmosphere and the cloth fitted tightly on 
all sides against roof, walls and sole; and could not be 
dragged away with the hands, even on the application of 

1 Zeitschrift fiir Berg-, Hiitten-, und Salinen-Wesen, 1896. B. p. 193. 

8 
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considerable force. It also withstood considerable counter- 
pressure. That the air current in the gallery was entirely 
arrested was conclusively shown by several tests, and the 
dam was also proved water-tight, the water trickling down 
the gallery being held back by the bag. 

The apparatus consequently fulfilled its purpose of com- 
pletely preventing the circulation of fire gases through a 
gallery and thereby enabling a permanent dam to be erected 
in the rear without danger to the men employed, at least 
so far as untimbered galleries are concerned ; but repeated 
experiments will be necessary to thoroughly demonstrate its 
eflBcacy in timbered headings, especially those in which there 
is a considerable open space between the timbers and the 
true walls or roof. 

ANALYSES OF FIRE GASES. 

(a) The gases taken from the draw-off flue at the seat 
of the fire in the Jacob shaft, after complete isolation had 
been effected, exhibited the following composition : — 

OO2 CO O 

on 18th May, 1881- - - 7*38 per cent. 1*96 per cent. 7*90 per cent. 
„ 19th Aug., „ - - - 7-69 „ 0-50 „ 3*69 

,, 19th Oct., „ - - - 6-67 „ traces 1-54 „ 

(b) Gases from the isolated seat of the fire at the Her- 

minegild shaft : — 

CO2 00 o 

on 18th Aug., 1883 - - - 3*5 per cent. 0*6 per cent. 9*0 per cent. 
„ 17th Oct., „ - - - 3-6 „ traces 2-6 „ 
„ 30th Dec, „ - - - 2.85 „ „ 2-6 

These will serve as typical examples of the gases in ques- 
tion. 

ISOLATING THE SEAT OF A FIRE WITH DAMS. 

According to Demanet, a typical example of this work is 
furnished by taking the case of a pit served by two headings 
driven in the same direction from the shaft, and traversing 
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a aeries of seams, in one of which a fire may be imagined 
to have broken out. It may be assumed that, by closing 
both headings perfectly air-tight in front of this seam, the 
fire will be stifled for lack of air and by its own products 
of combustion — the work of coal-getting being transferred 
to the other parts of the workings until the dams can be 
reopened. 

In connection with such a method of procedure, which 
is often successfully attempted, there are several important 
details that need to be enlarged upon. 

The task of dam-building in the lower level is generally 
light, the men being there in a good atmosphere; whilst in 
the upper level, on the other hand, the task is rendered 
difficult by the foul and often irrespirable air. In such event, 
the men must be provided with air by special means, either 
through tubbings or by the aid of respiratory apparatus 
such as those already described in previous pages ; or, when 
circumstances permit, by a temporary reversal of the ventila- 
ting current. The work of dam-building becomes particularly 
dangerous where the workings are rich in fire-damp, since, 
under these conditions, an explosion, before the work is 
finished, may oftentimes destroy all that has been done and 
entirely prevent its completion. 

When, as in the case under consideration, a section of 
a mine is to be isolated by building dams in two headings 
one above the other, the question arises which dam shall be 
put up first. Experience and theory indicate that when the 
burning section is one that carries fire-damp, the upper level 
is the one that should be first shut off. Demanet gives the 
following particulars of a report drawn up by the experts 
engaged in extinguishing a fire at the Agrappe colliery 
(Belgium) : — 

" When the upcast air-way is closed, the products of com- 
bustion are held back and become mixed with the air that 
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makes its way to the seat of the fire. Concurrently a Hbera- 
tion of fire-damp occurs in the burning section and tends 
to form explosive mixtures with the incoming air, a tendency, 
that is, however neutralised by the combustion products, 
their presence in the proportion of only 10 per cent, being 
sufficient to prevent explosion. On the other hand, if 
the intake air-way is closed first and the products of com- 
bustion are allowed to escape without restriction, their 
hghtness enables them to disperse readily, whilst the air 
in the burning section becomes impregnated with fire-damp, 
and the formation of an explosive mixture becomes in- 
evitable/' 

The dams are usually formed of tightly-rammed clay, held 
in place by masonry. They must be provided with a pipe or 
flue to allow the gases to draw off while the structure is 
building. 

Certain precautions should be observed in finally closing 
up the dam. For example, as the fire usually continues 
to burn for some time longer, until the supply of oxygen in 
the enclosed air is entirely consumed, the resulting gases 
would exert considerable pressure unless they found some 
way of escape. On the other hand, any indraught of fresh 
air, in consequence of the cooling down of the imprisoned 
atmosphere, must be guarded against, or the fire may 
revive ; and again, as has frequently happened during re- 
covery work in Hungarian collieries, dangerous explosions 
are liable to occur if the outflowing gases are checked too 
suddenly. 

In Belgian pits the following precautious are adopted : 
In the upper part of the dam is placed an elbow pipe, which 
dips into a vessel continuously supplied with water through 
a pipe fitted with a tap, which is turned on so that the vessel 
slowly fills with water, the men thus having time to with- 
draw. By this means the outflow of gas is gradually checked 
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and finally stopped, in proportion as the pressure of the 
water column overcomes that of the gas. Subsequently the 
surplus water merely overflows and runs away, or else the 
tap is turned off by the men on their return. In addition, 
this arrangement affords a continuous indication of the pro- 
gress of the fire, by the volume and nature of the gases 
escaping from the bent pipe and through the water ; and, 
finally, when the atmosphere in the burning section contracts 
on cooling, water alone and not air is drawn into the rear of 
the dam. Fot this purpose the water tap must, of course, be 
left open wide enough to supply a sufficiency of water to the 
vessel. 

The dams must not be opened too quickly, even after the 
fire is believed to be extinct, but must be kept shut for several 
months at least ; since, owing to the entire absence of air 
circulation and the low conductivity of the rock, the cooling 
down of the seat of the fire proceeds very slowly indeed, and 
the coal and rock may continue to glow long after combustion 
has ceased. Hence the fire may easily break out again as 
soon as any air is re-admitted. , 

Air-tight isolation of the burning section is the most 
practical and convenient means of remedying the evil, since, 
if the erection of dams is successful, work may be continued 
in the rest of the pit. Unfortunately, however, this means 
is frequently either inapplicable or is rendered of no avail by 
subsequent gas explosions, and in such event there is no 
alternative but to shut down the entire pit by closing all the 
shafts. 

When it cannot be ascertained with certainty whether the 
fire is extinct or still in progress, or when there is danger of 
gas explosions through the revival of the fire by the admission 
of the air necessary to enable recovery parties to advance direct, 
the use of '* gas-diving " appliances (e.g., such as enable the 
wearers to move and work in irrespirable gases) becomes 
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advisable. Should the extinction of the fire by dry methods 
be found impossible, the extreme measure of flooding the pit 
is the only means left. 

The details of these various plans will now be described : — 

Working in Irrespirable Gases {^^O as-Diving.'') 

Where uncertainty prevails as to the extinction or con- 
tinued existence of a pit fire, or where the work of direct 
advance with the assistance of a current of fresh air supplied 
through brattices, tubbing, etc., would introduce sufficient 
oxygen to revive the fire and lead to imminent danger of 
gas explosions, the use of diving gear fitted with air-supply 
pipes to convey pure air to the wearers becomes advisable. 

In this connection, mention should be made of the im- 
proved method devised by Johann Mayer, and employed at 
the Wilhelm shaft (Polnisch-Ostrau) as far back as 1884. 
For the explanation of this method it will be suflScient to 
describe part of the recovery work carried on at the Karwin 
colliery in 1894,^ the procedure followed in the 4th level 
of the deep winding shaft (a) being taken as typical of the 
** horizontal advance," and that in the Franziska shaft (h) 
as representing the ** vertical advance ". 

1. AIR-LOCK WORK (HORIZONTAL ADVANCE) ON THE MAYER 
SYSTEM, AS PURSUED AT KARWIN IN 1894. 

(Plate VI., Figs. 1, 2, 3, 4 and 4i). 

(a) The task undertaken was to commence recovery work 
in the cross-drivage on the 4th level of the deep winding 
shaft, shut oflf by the barrier No. 3 (Fig. 1), and to ascertain 
the best manner of putting up dams to isolate the seat of the 
explosion and fire in the 19th seam on the said level, such 

^ J. Kohout and J. Pilar, Oesterr. Zeitschr. fUr Berg- und HiUten Wesen, 
vol. xliii., Nos. 24-31. 
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dams being an unavoidable preliminary to the recovery of 
the Franziska shaft, which had been closed at the top as 
soon as the catastrophe occurred. 

The experience previously acquired in the matter of direct 
advance with the assistance of a ventilating current was so 
favourable, and all the air analyses so satisfactory (there 
being only traces of carbon monoxide detectable), that most 
of the experts engaged in the work anticipated no particular 
danger in advancing through the fumes, with a brattice and 
air-current from the main gallery of the 17th seam to the 
junction with the cross drivage from the 19th seam, and 
erecting there the four important dams requisite for closing 
the four openings of the said seam (Nos. 4, 5, 6 and 7), with 
another to close the cross drivage against the Franziska 
shaft at the point No. 7a. It was calculated that twelve 
hours would be sufficient to perform these tasks, the assump- 
tion being that no special difficulty would be encountered 
in recovering the probably damaged cross-drivage junction 
at the 19th seam. 

On the advice of Mining Councillor Mayer, the com- 
imttee, however, decided to employ respiratory apparatus 
and proceed on the lines laid down by this authority, 
the selection being influenced by the following considera- 
tions : — 

1. The uncertainty as to whether the fire had gone out 
or was still raging. 

2. The fear that the draught, which had latterly been 
continually increasing, before the erection of the air-door 
No. 3, might, on the re-opening of this door for the purposes 
of direct advance to the burning section, convey such a large 
volume of oxygen to the 19th seam as to increase the danger 
of subsequent recovery work from the Franziska shaft, apart 
from the direct risk of explosions through a requickening 
of the fire. 
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3. Direct advance would endanger the newly-recovered 
deep shaft until the dams already built had been rendered 
explosion-proof by masonry. 

4. Behind the newly-bricked dam, No. 3, which measured 
about 18 inches in thickness and was provided with a 
wooden door, prevailed a depression equivalent to 25-32 
mm. (1-1? inches) water-gauge. Had it been possible to drive 
the deep shaft ventilating fan fast enough to overcome 
this depression, the dangerous air-current could have been 
diminished and the risks of the direct advance method 
reduced. In such event it would then have been necessary 
to keep good watch over the air supply, to prevent the 
depression changing to compression and thus causing a flow 
of fire gases from the burning section and producing a partial 
vacuum therein. However, the maximum speed of the afore- 
said fan, being only 60 revolutions, and the greatest depres- 
sion 34 mm. (1*34 inch) water-gauge, with a volume of 18 
cubic metres (636 cubic feet) of air, no particular reliance 
could be placed on this means of assistance. 

A commencement was made on 16th July. At about 13 
feet in front of dam No. 3, a second dam, Ig, provided vnth 
a door, was built,^ the intervening air- way of the 17th seam, 
being bricked up and fitted with zinc tubbing closed by a 
slide, in order to allow the accumulation of gas between the 
two dams to be let out when required. In this manner the 
first air lock, No. I, was formed. 

The doors in both dams of the air-lock (Fig. 2) measured 
46 inches high and 26 inches wide. The first door was made 
plain, but the second was fitted with a glass window, c, a 
water-gauge, h, and an aperture for admitting the flexible 
air-pipe. Both doors were fastened with horizontal screw- 
bolts. 

^ In each case the first dam built is distinguished by the index figure ^ 
after its serial number, the second dams forming the air-looks being marked ,^. 
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There being no compressor at the deep shaft, hand pumps 
(bellows) supplied by L. von Bremen {B. Fig. 2), and 0. 
Neupert {N, Fig. 2), had to be used. Of these, the first 
named had a smaller delivery, but was of stronger construc- 
tion than the other and did not so easily get out of order. 
The air supplied by both, however, was sultry and under 
low pressure (maximum 10 mm. — 0*4 inches — ^mercury gauge), 
so that the men wearing the apparatus perspired exceedingly. 

The work was carried on in three-hour shifts, the men in 
front of the lock working six hours at a stretch, A second 
pump was provided as reserve in each case, so that if the 
working pump got out of order the other could be immedi- 
ately connected to the air-reservoir, L, after closing the corre- 
sponding pressure pipe by the valve, s, which was of similar 
construction to the air-valve of an ordinary smithy bellows* 
While the change was being effected the air supply was kept 
up by meaus of the one pump only ; but this could not be 
worked at a higher speed than usual (about forty double 
strokes per minute), as, when overdriven, these pumps refuse 
to act. 

The Bremen apparatus, which had already been tested 
on the occasion of the Wilhelm shaft fire, was the system 
chosen. At first the Neupert mask was distrusted, owing to 
its inferior ability to exclude fumes when worked under a 
low pressure of air ; but afterwards these masks were used 
in clearing out the obstructed air conduits of the ventilators 
at the Carl and Henrietta shafts. An apparatus of this kind, 
worked with a hand pump, was kept in reserve at the deep 
shaft to render assistance in case of any accident to those 
working in the vitiated atmosphere (fire gases). 

On the day named, two men wearing the apparatus entered 
the air-lock, the door, I2, was closed, the pipe hole and all 
cracks were luted with clay, and an official was stationed at 
the window to superintend the work beyond the dam. 
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After opening the door, I^, and removing the partition 
erected in front, the two men visited the cross-drivage and 
advanced a distance of 20 metres (22 yards) from I^, where 
they set up the framework and part of the fittings for the 
barrier II. This barrier being finished and luted with clay, 
the first dam, I, was taken down, the slide in the tubbing of 
the air-way closed, the brattice lengthened, and in front of 
and at about 3 feet away from the barrier, II, were erected the 
air-lock dams 11^ and 11^ (the latter 11 feet away), both of 
them being. 12 inches thick and provided with doors. At 
first an attempt was made to put up a mere barrier instead 
of the wall Ilg, and thus construct a partially wooden dam 
instead of one of masonry. However, on opening the door 
IIj such a strong current of air passed through the leaky 
barrier Ilg that masonry was found to be essential ; and from 
this point onwards all the dams were bricked. It was also 
found necessary to always put up the first walls about 30 
inches in front of the barrier, since otherwise it would have 
been impossible to take the latter down afterwards. 

The dam IV. was set up close in front of the broken 
crossing of the cross-drivage from the 19th seam. On the 
left was the mouth of the drainage level, which at one time 
had been opened in order to improve the ventilation, but was 
subsequently stopped up when no longer required. The 
stopping was found to have been entirely thrown down by 
the explosion, and the whole of the crossing was strewn with 
broken timbering and the fall of the upper bank of the 
19th seam, to a depth of over 5 foot. 

On the morning of the 18th July, the barrier, No. 4, was 
set up. A dead body, almost destitute of clothing in front, 
was found at f in the western drainage level. In con- 
sequence of the obstruction caused by the fall, that part of 
the cross-drivage which slopes towards the Franziska shaft 
and drains water into this shaft, was flooded to a depth of 
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about 20 inches, though the spot where the body was found 
had ah-eady . been re-exposed by the recovery work. It 
could not be ascertained whether the clothing had been 
burned, or had rotted by the action of the water. The 
hand belonging to this body was found at the crossing 
nearer to No. 4. 

Only a few fine globules of coke were found here among 
the thick incrustation of coal dust ; consequently there had 
been no prolonged action of flame, but enormous explosive 
force. 

Notwithstanding the careful construction and luting of 
the five barriers at the crossing, Nos. 4, 5, 6, 7 and 7a, a 
comparatively large volume of air still penetrated to the seat 
of the fire and a considerable depression (more than 12 in. 
water-gauge) prevailed in a southerly direction behind 
No. 7a. 

After the removal of these last-named dams, a high com- 
pression set in at all the closed shafts, a proof of considerable 
excess air pressure from the side of the deep shaft workings. 
On this account all the temporary 12-inch brick walls had 
to be erected as quickly as possible, a task which was com- 
pleted by the morning of July 20th. The brattice had to be 
lengthened up to the crossing, owing to the sultry character 
of the atmosphere, which was contaminated by the smell 
of dead bodies. 

Whilst, on the one hand, steps were taken to strengthen 
the dams, Nos. 4, 5, 7 and 7a, the dead body in question was 
removed in the same manner as the two previous ones. So 
soon as the barrier, No. 6, was opened, the temporary doors 
of dam No. 6 were bricked and plastered over. The venti- 
lating fan at the deep shaft was kept running all night at 
a speed of forty-one revolutions, producing a depression of 
18 mm. (0-708 inch). 

As the discovery of fuses led to the supposition that caps 
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and dynamite might be found under the fallen rock, the 
removal of the coal and rock, where not effected with the 
hands, was carried on with wooden shovels and cramps ; the 
work being thus considerably delayed. 

To somewhat reduce the high compression of 20 to 30 
mm. (0*8 to 1'2 inches) water-gauge, the covering on the 
Franziska ventilating shaft was raised 4 inches on the morn- 
ing of July 20th at 10*30 a.m., and the aperture increased to 

9 inches at 2 p.m. On this day the final strengthening and 
repairing of the dams was completed, thus entirely isola- 
ting the deep shaft workings from the seat of the fire. All 
the dams were of well-burned bricks, set in lime mortar 
strengthened with cement, and were plastered over with 
cement. In all cases the recesses cut for the dams measured 

10 to 12 inches deep on the sole to 2 to 4 inches in the walls 
and roof, the nature of the rock precluding deeper recesses 
in view of the haste with which the work had to be per- 
formed. 

The dimensions of the dams were as follows : — 

No. 1. 9-2 feet by 6*5 feet by 098 foot with 2*95 feet of 

extra brickwork. 
No. 2. 6'5 feet by 40 inches by 12 inches, with 2*95 feet 

of extra brickwork. 
No. 4. 13 feet long, 9*8 feet high, 5*9 feet thick, and 

arched in the form of a dome on the side of the 

fire. 
No. 5. 9*8 feet long, 5*25 feet high, and 40 inches thick 

with a door subsequently bricked up. 
No. 7. 9*18 feet long, 4*6 feet high, 40 inches thick. 
No. 7a. 9-8 feet long, 8*2 feet high, 12 inches thick, with 
5*9 feet of extra brickwork containing a double log door. The 
intermediate space between the doors was packed with dry- 
set bricks. 

During the whole course of the recovery work at the deep 
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shaft, gas samples were taken from all the shafts, those at 
the deep ventilating shaft and subsequently at the Franziska 
shaft being taken at a depth of 295 feet, whereas at all the 
other shafts the samples were taken jast below the kerb. At 
the deep ventilating shaft, samples were drawn every hour ; 
at the other shafts once or twice a day, or every three hours 
whenever considerable fluctuations were observed. Samples 
were also taken in the pit and tested for fire-damp. The con- 
ditions of pressure in the closed shafts were read off every 
hour from the water-gauge arranged above ground, and 
recorded. 

The work was performed in six-hour shifts, except when 
disturbance was caused by the presence of carbon monoxide. 

(b) The recovery of the cross-drivage on the fourth level 
from the Franziska shaft (see Plate VI., Figures 3, 4 and 4^) 
was in principle the same as the work just described. 

The air in the respiratory apparatus was supplied by a 
Burleigh compressor at the pit mouth. At each loading 
place the branch air-pipes were provided with a throttle 
valve. The excess pressure of 0*2 atmosphere, measured at 
the gauge, m (Figs. 3, 4 and 4^) in front of the cylinder, was 
found suflScient. 

The dams in this case were set in cement without the 
erection of any preliminary barrier, in order to prevent as 
much as possible any access of air to the burning section. 

In front of the buildings at the pit mouth an exhaust was 
set up, the cone of which was connected with a set of 
zinc tubbing, 24*8 inches in diameter, leading through the 
shaft. The ventilating of the space between the shaft and 
the dams was effected by means of the foregoing and its 
continuation, namely a horizontal zinc tubbing (Figs. 4 and 
4i) of the above width, the end of which was fitted with a 
protecting open cap in order to prevent the inadvertent inser- 
tion of a safety-lamp in the tubbing (where the velocity of 
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the air was usually 10 metres (32*8 feet) per second) ; this was 
particularly necessary during the time the second (outer) dam 
door was open. 

According to the measurements taken at the first hori- 
zontal length of the tubbing at the fourth level, the air 
supplied per second was as follows : — 

At 0*4 inch depression (water-gauge) measured at bank, 
52*9 cubic feet. 

At 1*57 inch depression (water-gauge) measured at bank, 
106 cubic feet. 

At 3*54 inch depression (water-gauge) measured at bank, 
151*8 cubic feet. 

This volume naturally diminished somewhat as work pro- 
gressed, and proportionately more steam had therefore to 
be blown in so as to increase the depression. As a rule the 
exhaust produced a' depression of 2 inches measured at bank. 
In view of greater usefulness later on, the above-named 
tubbing was, at a distance of 656 feet, replaced by two sets 
of tubbing, each measuring 12 inches in diameter. 

Since a depression of about IJ inches prevailed in the 
rear of the dam door, an air-door was set up in every case 
a few yards beyond the southern end of the tubbing. This 
door generally consisted of a partly demolished dam fitted 
with a regulating slide (Figs. 3 and 4). In this intermediate 
space the tubbing caused a depression, the extent of which 
could be regulated in accordance with the depression prevail- 
ing to the north of the dam (and varying mainly with fluctu- 
ations of the barometer), by opening and closing the slide in 
the air-door. It could also, when necessary, be regulated by 
increasing the depression of the exhaust at bank. In the 
eastern section, where this procedure was reversed and 
considerable compression, due to the fire gases, prevailed, 
compressed air was blown into the subsidiary dams to 
counteract this compression. 
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A workman was posted at each depression door. The 
depression in the main dam, however, was never allowed 
to fall below 10 mm., in order to prevent the outflow of fire- 
damp, and also to provide for the contingency of assistance 
being required by the men working in the irrespirable air, 
the dam in such event being thrown open, and an advance 
made without apparatus. No case of this kind has yet 
occurred. 

These tasks were performed without any risk of suffoca- 
tion, because all three men could be observed through the 
window and assisted at any time. In the second air-dam 
door the window was made to open, to facilitate communi- 
cation by means of written messages. In addition, a code 
of electric lamp signals was arranged. The greatest diffi- 
culties and dangers were encountered in the recovery of large 
falls, along with the continual removal of the accumulated 
water, which, in some cases, was as much as 40 inches deep, 
as well as the transport of the dead bodies of men and 
horses. To prevent any access of air through the water 
outlet of the air locks, the water conduit was deepened at 
the second dam, and the opening was hermetically closed 
by interposing a board, s, in the current. 

The men wearing the apparatus worked in three-hour 
shifts, the others working six hours. At the end of their 
shift, the three men came out of the pit, changed their 
clothes, and then went down again to act as watchmen at 
the dams for the remaining three hours. Work was carried 
on day and night, and refreshments were supplied to the 
men working in the apparatus. 

Owing to the strong smell of sulphuretted hydrogen given 
off by the discharged water, thorough ventilating of all the 
recovered galleries, etc., was a matter of great importance. 

Bemoval of dead bodies, — As soon as any bodies were dis- 
covered, a corresponding number of coffins were brought 
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to the dam and taken to the place where the bodies lay. 
The latter were then sprinkled with lysol, wrapped in 
carbolised canvas, and laid in the coffins, which were then 
closed, nailed up and returned to the air-lock. The first, or 
inner door of the lock, was then closed, the second door 
openedj and the coffins conveyed, one after the other, to the 
shaft, in a truck used for hauling wood, and then raised to 
the pit mouth. Here several hearses were in waiting, and 
in these the bodies were conveyed to the mortuary chamber, 
accompanied by a number of miners with lighted lamps. 
The men wearing the apparatus were provided with rubber 
gloves for handling the bodies, and there was a plentiful 
supply of carbol, lysol, and chloride of lime, for properly 
disinfecting all the surroundings. Furthermore, all the men 
wearing the apparatus, and the assistants who attended to 
the air-pipes, used carbolised oil for rubbing over their hands, 
which they subsequently washed in a solution of lysol. 

The disinfection and purification of the workers was 
superintended by a medical man present at the shaft. 

Removal of dead horses. — This was a more difficult matter 
and was effected in wooden boxes about 9 feet long, mounted 
on wheels, lined throughout with galvanised iron, and fitted 
with tightly-closed lids. In the rear of the bodies discovered, 
an air-lock dam was set up, the previous dam being then 
demolished, the tubbing extended, all the supplementary 
doors thrown wide open, and the exhaust ventilator employed 
to produce a depression of 90 mm. (3*54 inches). The box 
trucks were tipped up near the body in this strong cm'rent 
of fresh air — the aforesaid disinfectants being used — the 
horses dragged into the trucks by the aid of forks and cramps, 
the trucks set upright again, the lids fastened down and the 
trucks taken up to the mouth. Occasionally, when found 
between falls, the dead horses had to be carried out in 
pieces, packed in portable, tightly-closed boxes. The ventila- 



EXTINGUISHING PIT FIRES. 129 

tion could be maintained by means of the exhaust up to a 
distance of about 660 yards from the shaft without difficulty. 

2. AIR-LOCK WORK (HORIZONTAL ADVANCE) BY THE 
MAUERHOFER MODIFIED SYSTEM. 

(Plate VI., Figs. 5-11). 

On account of local conditions in the recovery work at 
the Pluto shaft, near Wiesa, (in the North- West Bohemia 
district) in 1896, Josef Mauerhofer was led to modify in 
some degree the method employed by Mayer. The following 
description is taken from Mauerhofer's report of this work : — 

*' In view of the contingencies likely to occur in the ventila- 
tion of the long-closed section containing several centres of 
fire, the committee decided in favour of working with diving 
gear without ventilation. 

*' During the time the air-dams were being erected and 
other preparations made, barometric pressure readings were 
taken at regular intervals near the dams. From these it was 
very soon ascertained with certainty that the very extensive 
section was perfectly air-tight and properly dammed; since 
the well-known aneroid fluctuations of tension, which are 
dependent on the actual atmospheric pressure could be 
detected with absolute certainty. 

** The method of gas-diving with a light respiratory 
apparatus is the result of long investigation and practical ex- 
periment ; and, previous to its application, very little of a suit- 
able nature for this purpose was known. The term " rescue 
apparatus," so often used, is in no way appropriate to the 
appliances employed, for unfortunately there is, as yet, no 
appliance for mining work which can really claim this title. 
In fact, none such exists, since, to be of use, it must be 
arranged in such a manner as to enable the wearer to remain 
for some time in irrespirable gases, independent of the sur- 
roundings. According to the progressive experience gained, 
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it seemed probable that such an apparatus could be devised, 
perhaps with the assistance of an oxygen regenerator. Al- 
though the employment of various kinds of apparatus, such 
as the Fleuss, Duff, Denayrouze, Fayol, Galibert, Eouquayrol, 
Schwann, Miiller, Stolz, and similar systems was already 
known,^ these were all far inferior to the Von Bremen diving 
gear, although most of them could be used for recovery- 
work, notwithstanding that they did not render the wearer 
independent of the surroundings. I had occasion to take 
part in the recovery-work at the Wilhelm shaft (Polnisch 
Ostrau), which lasted for nine months, and was able, both 
there and at the recovery-work at Karwin and the Pluto 
shaft, to convince myself of the usefulness of the Bremen 
apparatus, and to recognise the improvements made therein 
in accordance with the steady progress made in the mining 
industry. For, whereas in the recovery-work at the Wil- 
helm shaft in 1885, one had to be content with the awkward 
Eouquairol petroleum lamp, supplied with compressed air, 
at the present time, reliable electrical accumulator lamps are 
available. 

'* As regards the method of supplying air to and using the 
apparatus, this remains the same as when first employed by 
Mayer in the recovery-work at the Wilhelm shaft. At 
Karwin, they used in the horizontal advance, portable hose 
reels such as were used in the shaft recovery-work at the 
Wilhelm shaft. A very useful arrangement was employed 
at Karwin for the use of extra air-pipes in case of need. At 
the Pluto shaft, where the workings to be traversed were 
more or less horizontal, I dispensed with this by providing 
another source of reserve air for cases of necessity. At first 
we tried electrical lamps with reflectors for illuminating the 
working spaces, by the aid of large thick sheets of glass set 

^ At that time the pneumatophor of Gartner and Benda had not yet been 
invented. 
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in the air-lock doors, similar to those already used on a 
smaller scale at the Wilhelm shaft. For this purpose we 
had at our disposal suitable reflector lamps made by 
Schuckert, Kremenecky and the Vienna Accumulator Com- 
pany. This enabled us not only to constantly supervise the 
men working within the lock, but also to carry out an 
arranged system of optical signalling. I am of opinion 
that this method of lighting spaces filled with irrespirable 
gases, by means of reflected light, will afford valuable aid 
in similar cases. 

** At first I was desirous — taking care of course to properly 
insulate the conducting wires — to try using the reflectors 
inside the air-locks, but the results obtained in laboratory 
experiments at the Wilhelm shaft — which made it appear 
that the possible occurrence of electrical sparks would be 
extremely dangerous should the conducting wires become 
damaged in a fiery atmosphere — led me to abandon my 
intention. 

" The incredibly high temperature (38° -40° C.) believed 
to exist in the closed workings would have placed great 
difficulties in the way of those wearing the diving gear ; I 
therefore employed ice coolers — an arrangement which acted 
extremely well. It may here be remarked that compressed 
liquid carbon dioxide can be successfully used when the 
warm weather renders the employment of ice more difficult. 
Although, it is true, a cooling effect might have been pro- 
duced by increasing the air current, I considered it desirable 
to avoid any superfluous supply of oxygen, in view of the 
exceedingly inflammable nature of the coal. 

Owing to the ready affinity of the coal for oxygen, all 
the oxygen admitted to the closed section of the pit in the 
air supplied to the apparatus was immediately consumed, 
without, as the analyses clearly showed, any dangerous gases 
being produced. When the samples were carefully drawn, 
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the oxygen content never exceeded 5 per cent., nor did the 
CO2 fall below 3 per cent., a composition admittedly devoid 
of any danger. 

** In this place a few remarks on the subject of taking 
samples of air are appropriate. Towards the end of each 
working turn the divers took samples of the pit gas by the 
aid of the well-known iron flasks for this purpose, and these 
samples were analysed, without delay, at the end of the shift 
— the newly-acquired Orsat apparatus being employed. On 
the occasion of my absence for a few days, it was decided to 
check the home analysis in the fire-damp laboratory at the 
Dreifaltigkeits shaft (Polnisch-Ostrau). I found in several 
instances that the above-named percentage of CO2 was accom- 
panied by an abnormally high proportion of oxygen, so that 
it was evident, from the analysis, that we had to deal with a 
gaseous mixture differing from that found by experience to 
be possible in a thoroughly isolated pit. At first I was 
inclined to attribute the cause to careless sampling, believing 
that the air escaping from the sleeves of the diving gear 
might have been drawn into the bottle held by the wearer. 
In consequence of this view, greater care was exercised, but, 
though the oxygen content did fall off to some extent, it still 
remained disproportionately high ; so that finally I was led 
to believe the peculiarity might be due to differences in tem- 
perature. This made it desirable to ascertain whether the 
admission of the superfluous air escaping fi!*om the diving 
dress could enrich the pit air with oxygen to such an extent 
as to cause danger of a spontaneous ignition of the coal. 
We had been in the habit of leaving the sampling flasks 
within the air-lock until just before the end of the shift and 
drawing the samples immediately before retiring ; the flasks 
that contained water thereby attaining the high temperature 
prevailing in the workings. The samples being taken and 
sent up to the pit-mouth in order to be conveyed to the 
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laboratory at Polnisch-Ostrau, the gasholder was therefore 
exposed to the relatively low temperature obtaining above 
ground, the result being contraction of the contained gas 
and a consequent influx of fresh air during transit. I have 
thought it advisable to mention this phenomenon, since 
probably similar instances may have been noticed elsewhere 
without any immediate explanation being found." 

On 19th February, 1899, the main dam was opened and 
the recovery begun. The procedure and modifications 
adapted to suit local circumstances will now be described, 
with reference to the illustrations displayed in Plate VI., 
Fig. 5 being an elevation and Fig. 6 a ground plan of the 
gallery, a portion of which is shown on an enlarged scale in 
Fig. 7. 

In the main, the arrangements were similar to those 
adopted at the Wilhelm shaft, and more recently at Karwin. 
In our case the compressed air from the compressors above 
ground was conducted through a 10-inch pipe to the com- 
pensator, K (Figs 5, 6), which at the same time served to 
remove condensed moisture. This vessel, 64 inches long by 
24 inches in diameter, was, at the Pluto shaft, situated about 
11 yards behind the outer door, S, of the air lock, and from 
this point the air was delivered by the pipe, i?\ fitted with a 
throttle valve, H, through the ice chests, Ey E^, the size of 
which can be gathered from the sketch. By this means the 
divers were enabled to bear the high temperature prevailing 
in the gallery ; and in fact the men preferred this part of the 
work to acting as attendants outside the air-lock. The air, 
after passing through the regulating valve, B, behind which 
was placed a spring- and mercury gauge, M, was led through 
the axes of the hose reels, T, T^ (Figs. 5, 6, 7), into the reeled 
hose, /Si, Sg — a third pipe, S3, to supply air to an extra set 
of diving gear, being attached to the terminal of the main 
supply pipe at the branch. These pipes were attached to 
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the respiratory apparatus in the ordinary manner. The 
method adopted during the advance and retreat of the divers 
is v^ell known, the third pipe, Sg, having to be paid out and 
hauled in by hand, whilst the others are more easily 
managed by means of the reels. To protect the pipes, and 
more especially the thinner one belonging to the Neupert 
apparatus, from damage by dragging along the sole, it was 
found advisable to lead them over a trestle, J5, fitted vnth 
guide pegs. The dam and scene of operations in the gallery 
were well lighted by means of electric reflector lamps, B L. 
The air-pipes were passed through holes in the door posts, 
properly luted with clay each time the pipes were paid 
out or drawn in. The arrangement for obtaining perfectly 
gas-tight joints in the outer lock door, D, by means of the 
two screws, r r, was the same as that used at Karwin. 

At the end of each shift the air in the lock, S S-^, had to 
be admitted into the gallery in course of recovery, which 
influx of fresh air was particularly dangerous in view of the 
high inflammability of the Pluto shaft lignite. As the men 
can remain at work longer in proportion as the supply of 
materials for the recovery work is increased, it was found 
advisable to make the doors, D and D^, large enough to enable 
the said materials to be passed through on pit tubs ; and, the 
gallery in question being already provided with a tramway, 
the men were able to push the loaded tubs before them right 
up to the place where the materials were to be used, a winch 
set up in the rear of the air lock enabling the empty tubs 
to be withdrawn without any risk of injuring the air-pipes. 
In case of the advance being checked by the presence of a 
train of tubs already in the gallery, the same could also be 
drawn out by means of the haulage rope, Z, worked from 
outside the air-lock, thus avoiding any strain on the men 
and consequent damage to the air-pipes. 

High-power (16-candle) electric reflector lamps, fed from 
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accumulators, were used, and a system of lamp signals was 
devised for communicating with the men working in the 
gallery. The peep-holes in the outer dam door, D, were 
intentionally made of large dimensions, the work being 
greatly facilitated by the light admitted thereby. Six Bristol 
lamps were also in use, one being carried by each diver, one 
kept alight in reserve within the air-lock, and two set up 
near the attendants at the hose reels. These are very useful, 
owing to the escape of foul air into the lock when the divers 
return thereto, as also when, from any cause, assistance has 
to be rendered to the divers, for which contingency the 
second reserve air conduit, L, was also provided. Air- 
tubbings, WL, worked by an exhaust, were also provided in 
sufficient quantity and put in position immediately after the 
erection of further dams by the divers, exhaust ventilation 
being then produced by inserting in the rear end of the 
tubbing a nozzle connected by piping to the reserve air- 
pipe, L, This rapid procedure in ventilating was found 
necessary owing to the readiness with which the walls of 
coal caught fire when the insulated galleries were allowed 
to cool down slowly. To further guard against this con- 
tingency, a water hose with attached nozzle was passed in 
from the water main, W. Watchmen were also appointed to 
prevent outbreaks of fire in the rear of the recovery party, 
and portable fire-engines of the Weise-Monski pattern, 
mounted on truck wheels, were stationed at various places 
in the airway. 

The risk of fire was always imminent, and on several 
occasions outbreaks had to be combatted in the close vicinity 
of the air-lock masonry, the following instances being of 
particular difficulty : to save two cross-dams a diagonal 
isolating wall, M (Fig. 8), was built ; but shortly afterwards a 
fire broke out in the opposite walls, S and S^, and walling-off 
had to be immediately resorted to in order to avert serious 
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danger. The procedure followed is illustrated in Fig. 8, 
where m^ and m^ are the fire walls, very solidly backed with 
fireproof materials. Owing to the continued imminence of 
danger the diagonal dam, M, had to be removed and replaced 
by the cross dams originally planned. The same figure 
shows how the masonry of the air-lock was proceeded with 
at this critical point. 

Another matter of great difficulty was the erection of the 
dams (Fig. 11). After the divers had built the wall, M, and 
ventilating was commenced, fire broke out in the walls, S 
and Sj, so that the complicated walls, m Wj, had to be con- 
structed in order to properly shut-oflf the sides of the gallery. 
In consequence of heavy pressure and permanent danger of 
fire, the entire south wall of a 100-yard incline into which 
four galleries opened, had to be isolated in an air-tight 
manner by means of sand packing and the erection of a 
solid barrier of masonry, m (Figs. 9, 10), a series of pillars, S, 
being built to take part of the strain from the brickwork. 

VERTICAL ADVANCE. MAYER SYSTEM. 
Plate VII., Figs. 1-8. 
Employed in the recovery- work at the Franziska winding shaft, Karwin. 

The matter in hand was to isolate the workings appertain- 
ing to this shaft — already closed up at the mouth — by the 
aid of gas-diving apparatus, the first task being to brick up 
the openings at each level and thus shut off all the workings 
as though the shaft were a pipe. This being done and the 
shaft cover removed, the shaft was ventilated by means of 
exhausts, etc., and the erection of isolating dams was com- 
menced from the loading places by building air-locks, the 
horizontal galleries in the rear being provided with ventilation, 
whilst beyond the dam the advance was continued towards 
the seat of the fire with the aid of respiratory apparatus. 
The mechanical and other appliances requisite for this 
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method of recovery and used at the Franziska shaft will 
now be described. 

No compressor for supplying the air to the respiratory 
apparatus was already on the spot, and though air could 
have been obtained from the Sommeiler double-cylinder 
compressor at the Johann shaft, a machine delivering 155 
cubic feet at 5 atmos. pressure, yet the distance (over 1,300 
yards) would have caused delay and entailed great expense, 
since nearly 1,000 yards of piping would have to be laid 
in the ground and the remainder carried on pillars. The 
idea was therefore abandoned and a Burleigh compressor 
(Brown's system) was borrowed from the Archduke Albrecht's 
Hohenegger shaft. The setting up of this compressor, 
including the building of the foundation, occupied a week. 
The machine was of the vertical type with a 10-inch steam 
cyUnder and 16|^-inch stroke, the two single-action air 
cylinders being fitted with pressure valves (one each) below 
the upper cylinder head, and suction valves in the pistons, 
admitting air during the down-stroke of the latter, the 
cylinders being open at the bottom. A second valve in the 
delivery (compressed air) pipe prevents any retrograde move- 
ment of the air. Water is sprayed in through the upper 
head of the cylinders. The dimensions of the air cyUnders 
are : diameter 12 J inches ; stroke 15 inches ; the maximum 
speed being 60 revolutions, and the normal speed 45 revolu- 
tions per minute. 

This compressor was worked at a pressure of 4^ atmos., 
and delivered on the average 88 cubic feet of (absorbed) air 
per minute. During November the water injector froze and 
the pipe had therefore to be wrapped in straw bands, a little 
water being allowed to run through when the engine was at 
rest, notably on Sundays and holidays, to prevent the pipes 
freezing up. 

The compressed air (tension 4'5 atmos.) was stored in 
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two reservoirs containing respectively 123 and 342 cubic feet, 
and conveyed thence through a 2-inch wrought-iron pipe to 
the second floor of the pithead building (Plate II., Fig. 1). A 
branch was inserted on the ground floor for connection with 
the air conduit to be subsequently fitted in the passage way 
of the shaft, and a second branch at the first floor for 
supplying air to the reserve storage vessel on the cage. At 
the second floor, the pipe was fitted with an ordinary throttle 
valve, V (Fig. 7), the air being then conducted through a 
flexible pipe into the hollow axis of the hose reel, and thence 
through the flexible pipe wound on the reel and leading 
down to the cage. The valve, 7, was worked by hand and 
served to reduce the pressure from 4J atmos. to the most 
desirable pressure (11 atmos.) for the length of piping (330 
yards) and number of apparatus (3) employed. A gauge, My 
in front of the valve indicated the pressure in the storage 
vessel, another, M, on the farther side of the valve recording 
the reduced pressure. 

Two mechanics were placed in charge of the throttle 
valve during the vertical advance in the shaft, each one 
working three hours at a time, the constant attention 
required making longer shifts insupportable. Once, at the 
commencement, one of these attendants unwittingly closed 
the valve entirely when regulating the pressure, the interrup- 
tion of the air supply frightening the men below and driving 
them to the cage for safety. Consequently an automatic 
valve for reducing the pressure to 11 atmos. was devised, but 
was not completed by the time the shaft work was finished. 

At the outset only the smaller air vessel was used, but 
experiment showed that on stopping the compressor the air 
pressure receded from 4*5 atmos. to 1 atmos. in 20 minutes 
when 4 sets of Bremen's apparatus were in use v^ith a 306- 
yard length of piping, and in 22 minutes with 3 sets of 
apparatus and 218 yards of piping. As, however, 20 minutes 
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were required for ascending the shaft from the lowest level 
to bank, and another 10 minutes had to be allowed for the 
return journey from the working places to the shaft and for 
reeling the air-pipes, the air reserve in case of accident to 
the compressor was considered insufficient, and on this 
account the larger air-vessel was added, thus affording 
enough reserve air to last for 1^ hours. 

In addition, four air-pumps worked by hand, were placed 
at H, (Fig. 7), to act as a reserve supply in case of damage to 
the air-pipe or the compressor and reserved storage, though 
the pressure they were able to produce was but very slight 
and the air sultry. However, they were never called upon. 

The connection, s, between the iron air-pipe, and the 
rotary stuffing box of the central air-inlet to the hose reel, 
consisted of a length of rubber tubing, to prevent any injury 
arising from the shifting of the reel. The main flexible air- 
pipe was securely fastened by copper wire to the grooved 
end of the gas-pipe projecting from the wooden lagging of 
the reel, and the length was such that two coils remained 
still unwound when the men were engaged at the lowest 
depth (870 feet) in the 20th seam. From the reel the pipe 
was conducted over a wooden pulley, / (Fig. 1), mounted on 
the head frame, and down through the roof of the cage to a 
length of gas-pipe fixed in the centre of the cage, to which 
it was attached by means of two nuts. The gas-pipe was 
fitted at the bottom with a 3- way tap, the two lateral branches 
of which were connected to small hose reels, i. g. (Figs. 1 and 
2) with central air-inlets, and the middle branch to a 66-foot 
length of piping to supply an attendant who had charge of 
the signalling, unloading material from the cage, paying out 
and coiling up the air-pipes for the wearers of the apparatus^ 
and who had no occasion to go far from the shaft. The 
length of piping wound on the small reels, i, g, depended 
on the distance of the working places from the shaft — 22, 44 
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and up to 66 yards long. These small reels were similar in 
construction to the main reel, the air being introduced 
through the hollow axes fitted with rotary stufi&ng boxes. 
For winding up the short length of piping from the middle 
branch of the tap, a reel was provided on the wall of the 
cage. 

The piping for this work was supplied by the firm of 
Li. von Bremen, and measured | inch in internal diameter, the 
hard rubber tubing being 0*157 inch thick, strengthened with 
an inner coil of strong (i^-inch) iron wire, and enclosed in a 
sheath of hempen cloth. The 20-metre (66 feet) lengths 
were provided with brass connections, the nuts being 
fastened in place by wire. This piping costs 6 marks 
(shillings) per metre (40 inches), and the Bremen apparatus 
218 marks, ex works, Kiel. (The Neupert smoke mask costs 
40 florins (about 66 shillings), and the piping 2 florins 
{3s. 4d.) per metre, ex Vienna.) 

The electric cable for signalling between the cage and 
bank (and vice versa) was conveyed, in the same manner as 
the air-pipe, from the reel, (Fig. 1), on the opposite side of 
the pit frame, over the pulley, p, and down to the signalling 
apparatus in the cage. This cable consisted of three in- 
sulated tinned-copper wires ^V inch thick, twisted together 
and covered with two layers of woollen yarn wound in 
opposite directions, over which was spun an outer covering 
of flax tape steeped in some kind of composition. 

During the ascent and descent of the cage the air-pipe 
was looked after by five men on the top floor, and the cable 
by three men. In the former case, one man turned the reel, 
another attended to the coiling of the pipe, one drew the pipe 
gently in the direction of movement between the reel and 
the pulley, one directed it at the edge of the shaft, and the 
fifth hauled on it in the immediate vicinity of the pulley. 
At the electric cable, one man worked the reel crank, 



EXTINGUISHING PIT FIRES. 141 

another attended to the cable between the reel and the pit- 
frame, and the third man looked after it near the pulley. 

Neither the air-pipe reel nor that of the cable could be 
fixed in any position ; since otherwise the pipe and cable 
would have been broken when the engine driver released 
the brakes (according to signal) to lower the cage a little ; 
furthermore, the tension on both pipe and cable had to be 
kept uniform. 

Owing to the size and comparative immobility of the 
pipe reel, it was sufficient to station a man at the crank in 
order to turn it when required ; but the cable reel, being 
light and easily rotated, had to be provided with a hght- 
weighted rim brake, which kept it at rest but allowed it to 
give under a slight pull. 

In both winding compartments the mouth of the shaft 
could be hermetically closed by easily movable sliding doors, 
nn (Fig. 1), the openings left for the winding-rope being 
packed by a couple of caoutchouc flaps. During the descent 
of the cage the air-pipe and cable were held by two atten- 
dants above the shaft doors, to keep the tension uniform, and 
attached to the winding-rope by clamps (Fig. 8) at intervals 
of 130 feet. On the ascent of the cage these two helped to 
draw up the pipe and cable, and removed the clamps from 
the rope. 

On a given signal the shaft doors were opened or closed 
by two or three men, so that the shaft was only left open 
for a few seconds during the passage of the cage. 

A reserve of air was kept in the cage, for use in case of 
any breakage of the piping ; and as this reserve is of great 
importance it will be more closely considered. The arrange- 
ment used at the Franziska shaft (Plate VI., Fig. 1) was 
based on the Brasse regulator, previously in use, which 
consists of a mouthpiece attached to a double tube about 
40 inches long, which terminates in a brass box of about 
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155 square inches surface and 1^ inches through. The one 
tube goes down into the lower part of this box, and is there 
provided with a suction valve which opens during inhalation 
and closes when air is exhaled from the lungs ; and at this 
end the apparatus is in connection with an inflated bag 
made of air-tight material. The other tube opens direct into 
the box, on both walls of which are mounted fine mem- 
braneous flaps, which open during the exhalation of air and 
allow the vitiated air to escape into the irrespirable external 
atmosphere. The nose has to be held in a clamp to prevent 
inhalation of fire gases through that organ, so that practice 
is necessary in using the apparatus. 

This regulator can only be used when the air supply is 
under very low pressure (about 5-lOmm. mercury gauge). 
Hence an air-bag is essential, the higher pressure in the 
reserve air-vessels in the cage precluding direct connection 
with the Brasse apparatus. On this account. Pilar recom- 
mended the use of a reducing valve ; and in the absence of a 
suitable valve of this kind for bringing down the pressure to 
about 0*2 atmos., a compromise was arrived at by lowering 
the air-pressure to 0*5 atmos. through an ordinary automatic 
reducing valve attached to the reserve air-vessel, and then 
delivering the air to four Galibert air-bags through a throttle 
valve, which still further reduced the pressure (to about 
0*2 atmos.), these bags being used to supply the Brasse 
apparatus. In consequence of the unavoidable leakage from 
the reserve air-vessel and the bags, the pressure in the 
former had generally sunk from 4^ atmos. to 2 or even 
li atmos. by the end of a three-hour shift, whilst the 
air-bags were usually quite empty. Moreover, the entire 
arrangement, however carefully designed, did not afford 
sufficient security, the breakage of a horizontal pipe having, 
on one occasion, endangered the lite of a workman. To 
prevent the recurrence of such an accident, the examination 
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of the pipes was more strictly performed before each descent, 
and any suspected lengths were at once changed, the wet 
horizontal pipes being changed every day and carefully dried 
before being put in use again. 

In consequence of the accident aforesaid and of the 
insufficient air reserve, the unreliable Brasse apparatus was 
discarded and replaced by a direct supply. The manner in 
which this problem was solved is illustrated in Figs. 2, 4, 6, 
showing the appliance devised by Pilar, which was first used 
at the Carls shaft, and has proved reliable. 

A small opening was made in the neck of the Bremen 
jacket at A (Fig. 4) in which was inserted a kind of nozzle 
holder. The air escaping from the reserve air-vessel was 
reduced to a tension of 0*1 atmos. by means of a delicate 
Salzmann reducing valve, and passed through a vertical pipe 
into a horizontal one. 

Injury to the main pipe being less imminent than to the 
horizontal pipes, and the reserve air-vessel at the Carls shaft 
not being of any larger capacity than 22 cubic feet, a branch 
from the main pipe (Fig. 2) was connected with the hori- 
zontal pipe. From the latter were suspended three pipes 
provided with nozzles, J5, and taps (Fig. 6) fitting into the 
nozzle holders in the neck of the jacket. Should the wearer 
find that he is not receiving any air he returns to the cage, 
opens the cover of the nozzle holder, .4, inserts the nozzle, J5, 
of one of the pipes, into the opening of the nut, g, until the 
end, 5, is held by the forked spring, /, whereupon he turns on 
the tap. This last operation may be also effected automat- 
ically, or, at least, the tap may be opened about one-third, 
by means of a sloping pin on the tap. The maximum 
amount of air passes when the tap is turned two-thirds 
round, a complete revolution shutting it again. As soon as 
the man is again certain that he is receiving air, he can, by 
opening the upper tap, ascertain whether the main pipe is 
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in order, this being immediately evident by the strong influx 
of air. The air pressure from the compressor is I'l atmos. 
(measured above at the throttle valve) and a little more than 
0*2 atmos. in the loading places down below. If the main 
pipe is really uninjured, then the air supply coming from 
the above is alone utilised, and that in the reserved vessel is 
not drawn upon. On the other hand, should the main pipe 
be found damaged, the upper tap must be closed again, and 
the men must use the air from the reserved vessel as 
economically as possible until drawn up. 

It is advisable to insert a light interchangeable sieve of 
brass gauze in front of the reducing valve to prevent any 
impurities entering the valve from the air-vessel. 

The excellent Salzmann reducing valve (Pig. 3) differs 
from all other systems — in which stuffing-box friction is 
inevitable, owing to the use of springs, weights, or mem- 
branes — and consists of a vessel filled wdth mercury in which 
floats a bell, b. This bell adjusts itself automatically on 
turning a horizontal cone valve, so that it admits the air to 
its interior at a desired reduced pressure and transmits the 
same to the air-pipe in the rear of the cone valve. The 
latter is maintained in position by adjusting the weight on l. 

The valves are constructed by the maker for use in 
steam pipes, the above named application of the valve to 
compressed air at the Carls shaft being the first of its kind. 
The cost of the valve is 240 marks (shillings) ex Leipzig. 
At the Carls shaft it was found to answer admirably ; in one 
instance all three men made their way out by using the 
nozzles, 5, after the breakage of the horizontal pipe. The 
nozzle can be disconnected by unscrewing the nut, g. 

With regard to the consumption of air in the apparatus, 
no special measurements were made, apart from the 
empirical tests and a few subsequent observations during 
the horizontal advance. Originally, on the basis of the 
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experience gained by Mayer at the Wiihelm shaft, the air 
consumption for three apparatus with a 330-yard length 
of |-inch piping was calculated as 8 x 100 = 300 litres (106 
cubic feel). Owing to the considerable divergencies existing 
in published data on the consumption of air by workers 
in mines, the following figures were taken as a basis : An 
ordinary man, weighing 11 stone, takes into the lungs 550 cc. 
of air at each inhalation when breathing quietly ; as he makes 
18 breathings a minute, he therefore consumes in that time 
9*9 litres (604 cubic inches) of air. These figures increase 
when work is being done, but no accurate data are available 
on this point. 

On ascertaining the suffocation point arising through 
lack of oxygen, without taking into consideration the action 
of poisonous CO, it may be remarked that a certain amount 
of air always remains in the lungs, the quantity of this so- 
oalled ** residual air '* being about 1,450 cc. In addition to 
this there still remains in the lungs, during normal unforced 
breathing, the amount of air which could have been driven 
out by a strong expiration immediately after normal breath- 
ing, namely, about 1,525 cc, so called "reserve air.'* The 
lungs, therefore, contain about 2,975 cc. after an ordinary 
exhalation, and after an ordinary inhalation about 3,525 cc. 
of air. 

According to experiments conducted with the Brasse- 
apparatus and Galibert air-bag, somewhat laboured breathing 
-can be kept up for ten minutes. The air consumption per 
minute, therefore, amounts to ^ 12*6 litres, since the Galibert 
bag has a capacity of 125*7 litres. 

According to our experiments with the air-vessel No. 1 , 

the consumption of air per minute and man, at a pressure of 

0*2 atmos., amounts to 15*02 Utres with 920 feet of pipe and 

an internal diameter of |ths of an inch. The air entering 

the helmet cools the wearer's face by its sudden expansion, 

10 
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since it is delivered by two conduits, I K (Fig. 4), and an 
upper one which is in front of the face. All these are 
modified into three long narrow slits at the point of outlet. 

According to the experiment, it may be assumed that no 
cooling occurs in consequence of reduction of pressure, 
either in the air-vessel or in the pipes up to the throttle 
valve, but that any cooling is counterbalanced by the ex- 
ternal warmth. The capacity of the vessel is 7 = 3*5 cbcm., 
and the reduction of pressure during 26 minutes (three 
men wearing the apparatus) was 5*5 - 2'1 abs. = 3'4 atmos. 

3*4 V 
Taking v as the total air consumed, then v = -^- = 5,670 

litres, at a pressure of 1*1 atmos., or about 9800 litres of air 
at 0*2 atmos. pressure, i.e., 150 litres of air of 0*2 atmos. 
pressure per man and minute, or 15 times as much as i& 
absolutely required for respiration. 

The air pressure in the final 20 yards of pipe nearest 
the mask must amount to 02 atmos., as was also confirmed 
later during the horizontal advance. It is therefore evident 
that the greater part of the air serves merely for cooling and 
ventilating the mask. 

In working at a distance of more than about 30 yards 
from the shaft the men carried with them portable Galibert 
air-bags and Brasse regulators, and laid these ready to hand.. 
This reserve was, however, left untouched, and after the 
recovery of more than about 20 yards from the shaft it was. 
discarded altogether. The distribution of the staff during^ 
this work was as follows : three men wearing the apparatus,, 
one of the three being always an official or supervisor, entered 
the lower stage of the cage. At each descent the necessary 
material — wood in lengths not exceeding 8 feet 6 inches and 
bricks not more than 300 at a time — and sufficient cement 
mortar to meet current requirements, were taken down in 
the cage. The latter was enclosed on both the longer sides. 
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with walls of perforated sheet metal, and provided with 
lattice doors in front and rear. Work was done in the 
day time alone, there being four shifts in the twelve hours ; 
but, as the time occupied in going up and down the shaft, 
and overhaulino: the horizontal line of piping and the ap- 
paratus on the cage, took up half an hour at each shift, 
the net working hours were thus reduced to two and a half 
per shift. 

In addition to the men already mentioned as working the 
reels and cable, there were stationed in the upper storey of 
the pithead buildings an official and an overlooker. A tele- 
phone communicating with the ventilating shaft was also 
installed there, to enable a signal to be given for starting the 
fan at once iu cases of imminent danger ; also a speaking- 
tube and signal-striker, worked by a wire-pull, extending 
from the platform near the pipe-pulley to the engine-room, 
for communicating with the engine-driver by word of mouth 
or signal respecting the regulation of the winding speed* 
To enable the overman to speak with the men on the 
different floors, a set of holes 40 inches square, one directly 
above another, was cut in the flooring : 

In the upper storey were also two bells ; one with a deep 
tone, sounding every time a signal was given from the cage 
to bank, or vice versd, and the other, of higher pitch, which 
rang each time a signal was sent from the pit mouth to the 
engine-driver. The lower floor (shaft kerb) contained a bell 
for the shaft and the pushes belonging to the two sets of 
signals. All signals from the pit or from bank also rang 
different toned bells in the engine-room ; but of all the 
signals sounded by the deep-toned bell from the pit, the only 
one the driver had to pay any attention to was the first, viz,, 
" stop!" and he was obhged to wait instructions from the pit 
mouth before either starting or reversing. These instruc- 
tions were not given until word had been sent down, from 
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the top storey to the ground floor, that the men were 
standing by at the air-pipe and cable. 

In addition to the electric signals, an ordinary shaft 
signaUing bell was kept in reserve, the rope-pnll for which 
led down the shaft as far as the fourth level, and was easily 
accessible from the cage. 

On the lower floor of the building there were also 
stationed an official and an overlooker, who had under their 
charge a signalman, six hands to work the shaft doors, and 
two men to regulate the tension on the cable and air-pipe, 
during the ascent and descent of the cage, and to put on and 
remove the rope clamps. 

Other members of the staff constantly present included 
a foreman mechanic, to keep in order the whole of the 
machinery and test the appliances mounted on the cage, and 
an electrician, who had charge of erecting and repairing the 
electric signaUing apparatus and accumulator lamps. 

The lighting of the galleries, etc. containing irrespirable 
gases, was effected by Bristol accumulator lamps of English 
make, weighing 4^ lb. each, and giving an average illumina- 
tion of 2^-3 normal candles for seven to eight consecutive 
hours. The price of these lamps was 37 florins (about 62 
shillings) each. 

The following code of signals was drawn up for use 
during the vertical advance, and arranged to sound in all 
the storeys of the pit-head building, as well as in the cage 
and the engine-room : — 

Stop ! 

. . Lower cage a httle ! 

. . . Baise cage to bank ! 

. . . . Short of air ! 

— AU's well ! (signal from down below that 

everything is all right). 

Acknowledgment of preceding signal, 



EXTINGUISHING PIT FIRES. 149 

from bank, or inquiry from bank as 
to how things are going in the pit. 

— Signal from bank for the men down 

below to come up. 

Did not understand your signal ; repeat ! 

Help required ; start ventilating fan ! 

During the work of installation, the overmen and miners 
— who volunteered for the task — were exercised in the use 
of the respiratory apparatus under the foundations of the 
winding-engine ; and thus all the preparations for entering 
the closed shaft were completed by 24th August, 1894 : — 

Complete Isolation of the Pit, 

When it is found impossible to get near the site of a pit 
fire without danger, which is more particularly the case 
when fire-damp explosions simultaneously occur ; and when 
air-tight damming-up is inapplicable or has been rendered 
useless by fire-damp explosions, then the pit must be com- 
pletely isolated by covering up all the shafts concerned in 
the ventilation. To this end ^i strong platform is constructed 
a little below the pit mouth and covered over with a layer of 
clay. These dams must be traversed by pipes, just in the 
same manner as found necessary in the case of gallery dams. 

In almost every instance where complete isolation of the 
pit is attempted it is successfully accomplished ; but this 
method results in a long delay ere coal-getting can be 
resumed, since if the pit be reopened too soon the fire 
readily bursts out afresh and the whole task has to be 
repeated. Moreover, the method is not universally applic- 
able ; sometimes the shaft dams are destroyed by fire-damp 
explosions ; and sometimes the workings communicate with 
those of an adjacent pit by way of a goaf through which a 
supply of air makes its way. In the fiery pits of Southern 
Hungary the work of isolation is performed by setting up 
log platforms just below bank in all shafts that take any 
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part in the ventilation of the pit, which platforms are 
covered over with about 8 feet of clay. When the shafts 
communicate with drifts, these shaft dams are built a little 
below the opening of the last named. The intake-pipes of 
the ventilating shaft are also closed quite air-tight with 
tamped clay. 

Flooding a Burning Section isolated by means of Dams. 

The task of flooding a burning section previously isolated 
. by means of dams was successfully practised at the Bonna 
shaft, Anina (South Hungary), on the occasion of a fire 
caused by a coaJ-dust explosion in 1894, it being considered 
inadvisable, in view of the desired quick recovery of the dead 
bodies in the isolated section, to wait until the fire had 
been stifled as a result of the erection of dams. 

To retain the water, the following arrangements of dams 
were devised : — 

In Galleries. The erection of dams in galleries is 
intended to keep back water, either permanently or as a 
temporary measure. In the latter event an outlet sluice for 
the water must be provided, but in the former case a pipe is 
inserted for drawing off water while the dam is building; 
and is afterwards stopped up. 

Dam sites should be selected where the rock is compact 
and free from breaks or fissures, and the rock must be dressed 
with mallet and chisel. Where the pressure is slight the 
dams may be set in recesses, but, when a heavy pressure of 
water is anticipated, the dams must be dome shaped (convex) 
and provided with abutments. 

If it is found necessary to work on the rear (water) side 
of the dam, a hole must be left in the masonry and closed 
only when the dam is completed. 

Where the dams are required to remain merely a short 
time they may be made of pine, otherwise oak and stone 
must be used. If the water pressure acts perpendicular to 
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the grain of a wooden dam the latter is termed a balk dam ; 
on the other hand, in a wedge dam, the pressure acts endways 
of the grain. 

WOODEN DAMS. 

(a) Upright Balk Dams. 

(Plate v., Figs. 4 and 5.) 

These dams are used in wide low galleries. The face of 
the rock coming in contact with the ends of the balks is 
sloped upward with mallet and chisel at an angle of 20° 
on the water side, the wall surfaces being dressed straight. 
The depth of dressed surface from front to rear should 
exceed the thickness of the dam by §, so that the latter 
can be forced onwards a little by the water pressure. To 
enable the dam builders to work at the sole, concrete dams 
are set up in front and rear between two sets of posts, 
and the water led away through a gutter. The sloping sur- 
faces in roof and sole are covered with a layer of moss, which 
in turn is covered by 1-inch willow planks set lengthways 
of the gallery. 

The balks, previously trimmed on three sides and cut 
exactly to size, are then set up in position, commencing at 
the sides and working towards the centre, and are fastened 
to nailed stays on the water face of the dam. The balks 
nearest the walls are shaped oflf at the one side so as to 
leave a space of an inch or so on the front face for the 
insertion of the luting and wedges, whilst on the rear face 
they are flush with the walls. The central timbers, after 
being pushed back a little, are finally drawn forward by 
means of a bar and winch and held tight until the wedging 
is completed. This bar carries on its rear end a nut held by 
means of a clamp, so that when the bar is twisted the nut 
drops off and the bar can be drawn out. The middle balk 
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being drawn into position, all the joints between the timbers 
are calked with oakum or moss, working from the walls and 
towards the centre, whereupon wedging is commenced 
from the centre outwards, beginning with flat wedges and 
finishing with pointed ones, all of hard wood. As a rule a 
J-inch pipe is stuck in a hole through one of the balks near 
the roof, in order to allow the imprisoned air to escape ; but 
this pipe is stopped as soon as it begins to discharge water. 
Finally, the front face of the dam is backed up with strong 
props to keep the balks from giving way under the water 
pressure. 

Dams of this kind, measuring about 20 inches through, 
will stand the pressure of a 260- to 295-foot head of water, 
which is equivalent to 8 to 9 atmos. 

(b) Horizontal Balk Dams. 

This type of dam is employed where the galleries are 
high but narrow. The dam is set up against recesses in the 
walls and is provided, at the dry face, with an upright wall 
in front of which the balks are laid, their rear ends being 
calked and wedged. The men working at the rear face of the 
dam finally make their way out through a manhole, which is 
then closed and fastened up by a flap door backed by discs 
of leather. 

At the Nouvelle Haye pit, a gallery 56 inches wide and 
62 inches high, was isolated by a dam of this kind, composed 
of three balks measuring 24^ inches by 20| inches, the 
boards laid between them being ^ inch thick. The water 
pressure was equal to a head of 103 feet. 

A balk dam fitted with a water door is shown in Plate V., 
Figs. 6 and 7. A door frame is constructed of strong beams 
set in a recess, S, cut in the solid rock with mallet and chisel, 
leaving the opening, /, free for haulage and other traffic. 
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Then horizontal blocks, Z, are laid along the roof and sole, 
and the upright beams, s, are connected with the door head 
and sill by dovetailing; a strengthening prop, c, being also 
attached to the headpiece. All the timbers in the recess 
are rendered staunch by wedging or cementing up the joints. 
The door, t, which is formed of two layers of planks set 
crosswise, moves on hinges and can be shut to after the 
removal of a short length of rail, z. The pressure of the 
water (coming from the right hand side of Fig. 7) keeps it 
shut fast. The air hole, r, at the top is to allow air to escape 
from the rear of the dam, and is afterwards closed with a dry 
plug driven home ; and the water-pipe, w, near the sole, is 
fitted with a tap. A drain for the outflowing water is 
provided in the gallery by laying timbers, x, on which are 
mounted the sleepers and rails, y. 

(c) Wedge Dams, 

These dams take the form of a truncated cone with 
level basal surfaces, and are composed of separate balks, 
shaped so that their edges, if prolonged, would meet in a 
point. A dam of this kind acts as a kind of magnified 
plug driven in between suitably-prepared surfaces in the 
gallery. These surfaces must be 1^ to 2 times the length 
of the dam, to allow for the latter being forced onwards 
by the water pressure. In place of wooden wedge dams, 
preference is given to dome-shaped dams of masonry which 
are just as effective and much less difficult of construc- 
tion. 

In the Mansfeld mining district, use has been made of 
square wedge frames of oak timber, the wedges being formed 
of pine 24| inches long, with their sides tapered in such a 
manner that if prolonged a distance of about 23 feet they 
would meet in a point. In front of the dam site the gallery 
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measured 67 inches in height by 49 inches wide, and, in rear 
of same, 91 inches by 74 inches. The pressure was equal to 
a head of 72 feet of water, and forced the wedge onwards a 
distance of 1 inch. 

MASONRY DAMS. 

Dams constructed of massive masonry offer resistance 
solely by their own weight, and have therefore to be built up 
with great care, on which account arched or dome-shaped 
dams are preferred. They are arranged either as cylindrical 
dams with two abutments, or as dome-shaped dams with 
four (see Plate V., Figs. 8 and 9), the latter being the more 
efficient tj'^pe. 

The material consists of the hardest bricks (cUnker 
bricks) obtainable (or, more rarely, quarried stone), and 
hydraulic mortar. No manholes or air-pipes are required^, 
the work being commenced at the rear face and continued 
towards the front. A water-pipe covered with a water-tight 
hd is required for the subsequent removal of the water 
behind the dam ; but is not closed until the mortar has 
hardened and the dam thoroughly set. 

The preparatory treatment of the dam site is the same as 
lor wedged-shaped dams, the roof and sole being sloped at 
an angle of 14°. Further security is sometimes afforded by 
partly replacing the rock with brickwork, or by erecting a 
water-tight casing of masonry along the gallery on both 
sides of the dam. In building water-tight dams the 
work is begun at the bottom and sides, working towards 
the centre and top, and finishing off against the roof — or 
better, by corbelling a layer of bricks at the roof and 
finally closing the hole left below this course. The radius 
of curvature of bricked dome-shaped dams is generally 
between 23 and 33 feet, and the thickness of the dam 
40 to 60 inches. 
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EXAMPLES OF CYLINDRICAL AND DOMESHAPED DAMS. 

At the Engelsburg pit a cylindrical dam has been built in 
a sloping seam (angle of dip 53°), the chord of the dam 
measuring 8*2 feet, the vertical height 12*4 inches, radius 8"4 
feet, with a curve of 4| inches per 40 inches of chord (radius 
80 inches) ; and a dome- shaped dam at the Eintracht pit 
near Steele, the measurements of which are as follows : — 
Inner chord, 50 inches ; curvative, 5*1 inches ; radius, 5 feet. 
At the Samson pit near St. Andreasberg, a volume of water 
-equivalent to a pressure head of 1,312 feet is completely held 
back by a dam 80 inches thick with a curvature radius of 
16-4 feet. 

DAM DOORS. 

These doors serve to protect the workings from antici- 
pated sudden inrushes of water. Wooden doors in cast-iron 
frames made in one or two pieces have been used, the frames 
being chamfered inwards on the side nearest the water. The 
wooden door, consisting of three layers of 2-inch oak planks 
set crosswise and protected with metal in a suitable manner, 
fits into the recess formed by the chamfer, and a water-tight 
joint is formed between them by means of tarred canvas. 
When occasion arises these doors are closed and fastened by 
a couple of screw bolts. 

A double-flap wooden dam door, in a wooden frame, has 
been set up in the Kronprinz Friedrich Wilhelm pit near 
Saarbriicken. The flaps are made of three layers of 3-inch 
oak planks covered with strong sheet iron. They meet at an 
angle of 152° on the side nearest the water. The oaken 
frame is a little over 2 feet wide, the sides nearest the walls 
Are sloped in the form of a wedge, and are covered all round 
with a water-tight layer of masonry built against the walls 
of the gallery. When open, the doorway leaves a free space 
7i feet wide by 6J feet high, so that horse haulage can 
proceed without hindrance. 
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More recently, wrought-iron doors set in cast-iron frames 
have come into use. Those manufactured by Heintzmann 
and Dreyer of Bochum leave a doorway, 3 feet wide by 
5^ feet high, and consist of a sheet-iron plate, 3'6 feet wide 
by 6 feet high, bent in the form of a cylinder, the convex side 
being placed nearest the source of (water) pressure. The 
thickness of plate depends on the amount of pressure antici- 
pated, but is generally about 1'14 inches. The cast-iron 
frames are set in a bricked dam. The doors are closed by 
means of screw bolts and a wrought-iron bow, and the joints 
are tightened by a layer of tarred canvas. When the door 
is shut, the water-pipe leading through the dam is closed by 
a slide on the side nearest the shaft, and can easily be 
reopened when it is desired to let the water run off. These 
doors can withstandj'pressures of 11 to 25 atmos. 

Figs. 10 and 11 (Plate V.) represent a dome-shaped 
masonry dam with iron door, T; the masonry, M, being 
supported by abutments, W, at the roof, sole and sides. 
The wedge-shaped cast-iron door frame, R, is strengthened 
by ribs, and on this is hinged the dome-shaped door, T, of 
forged boiler plate. The contact surfaces are planed smooth,, 
and the joints are tightened with tarred canvas. Two iron 
bridge pieces, 6, resting against the frame, serve, with the 
screw bolts, s, to fasten the door when closed. For single- 
track horse haulage the doorway is 37 inches wide and 
67 inches high, but different sizes are made to suit all 
requirements. 

A locking device for dam doors, constructed by Wenker 
and Berninghaus for the Karlshiitte pit, near Dortmund, is. 
illustrated on Plate V., Figs. 12 and 13. These are made 
in different sizes, and, being very solid, offer considerable 
resistance to pressure. 

Where, as often happens, for instance in lignite mines, 
an inrush of quicksand is feared, the dams erected are 
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arranged in such a manner as to keep back the sand whilst 
allowing the water to drain away. This is accomplished by 
building well-propped barriers of strong timbers and planks 
with a thick backing of straw or pine brushwood, which acts 
as a filter and allows nothing to pass through but water, 
which can then easily be kept under by pumping. 

For shaft work, balk dams, wedge-shape dams, masonry 
(cupola arch) dams and concrete stoppings are used. 

Flooding the Whole Pit. 

When it is found impossible to extinguish a pit fire by 
the dry method, flooding the entire workings is practised as 
a last resource. Allowing the natural drainings of the pit 
to accumulate is generally too slow a process, and must be 
assisted by introducing large volumes of water from above 
ground. When the workings have been completely filled, all 
that is necessary is to pump them clear again to resume 
coal-getting. 

This method is absolutely certain, but its attendant 
inconveniences are so great that it is not resorted to until 
all other means have failed. The amount of water required 
is enormous, and frequently out of all proportion to the 
available supply ; and, on the other hand, if a divertible 
brook is near the premises, the efficiency of the pumps is far 
below the task put upon them of clearing the workings in a 
short space of time. Finally, when the pit is pumped out 
again it is generally in a very bad condition, owing to falls, 
etc., so that a pit which has to be flooded is necessarily put 
out of work for a long time. 

In the fiery pits of South Hungary, when flooding is 
resorted to, the pit water is allowed to accumulate, and all 
available supplies of water above ground are drained into the 
workings until it is evident, from the indications of a float 
placed in the shaft, that the seat of the fire is entirely under 
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water. Formerly the flooded pit was left alone for a month 
or six weeks to give the fire time to go out completely, but it 
was found in many cases that this result occurred at once, 
although in others the fire broke out again as soon as the pit 
had been cleared. 

Although, e.g., at Anina, the actual flooding takes only 
two or three weeks, the subsequent recovery of the wprkings 
— which are often quite choked up with falls — by the direct 
advance method, accompanied by ventilation through 
batteries, tubbing, etc., may occupy as much as a whole 
year, since it is only in the case of galleries, lined with iron 
or masonry, which suffer little damage from flooding, that 
the work is unattended with more than slight difficulty. 
Accumulations of fire-damp often occurring before the shaft 
has been fully isolated, and the high temperature (OC-lOO** 
F.) in the workings, cause a great deal of trouble and incon- 
venience, though the recovery-work proceeds under much 
more favourable conditions, as regards ventilation, when 
communication has been re-established between two deep 
levels. In view of this circumstance it is highly important 
to endeavoar to effect this communication at the outset, and 
the necessary galleries should therefore be lined with iron 
or masonry. An instance where this procedure proved of 
great value in recovery-work is afforded by the 1887 fire 
at the Thinnfeld pit. 



VI. EESCUE STATIONS. 

(a) Stations above Ground. 

At the Government collieries in Upper Silesia, ambulance 
chambers^ fitted with heating appliances, an operating table, 
a cupboard containing bandages, water supply and discharge 
pipes, etc., are erected at each shaft, and each chamber is 
provided with two stretchers, a hand blower, a reel with 
about 100 feet of rubber piping, a locked chest containing 
two Stolz smoke masks, an 8-hour portable accumulator 
lamp, two safety lamps, an axe, hammer, screw wrenches, 
chisels and nails. The chests, hose reel and blower are 
fitted with handles so that they can be lifted from the trucks 
and carried where required if the tramway does not extend 
sufficiently far. 

At the same pits reed mats have been recently provided 
for carrying injured miners, both in the workings and above 
ground. These mats, which are 6 feet long by 40 inches 
wide, are made of Spanish reeds and tarred hemp, with four 
interwoven leather belts. At least one such mat is provided 
for each section of the pit. The injured are wrapped up in 
these mats at the place of the accident and lightly bound 
round with the belting, staves being then passed through the 
latter and the whole borne to the main heading, where the 
sufferer is laid on a special iron truck, mounted on flexible 

^ Zeitschrift fUr Berg-, Hiitten-, und Salinen-Wesen, 1895, p. 226 ; 
Oesterreichische Zeitschrift fUr Berg-^ und Hiitten-Wesen^ 1898, p. 26. 
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springs, in which he is conveyed to bank. The truck can |be 
slung on the winding-rope or chain in case of need. This 
apphance has proved highly satisfactory, the injured being 
conveyed to bank without removal from the truck, and there 
laid on the ambulance stretcher, whilst still wrapped in the 
mat. 

Before this arrangement was devised the injured had to 
be shifted several times on the way to the hospital; a 
different means of conveyance being required in the galleries 
to that in the shaft, and a third for surface transport. To 
avoid the pain and probable injury caused by these frequent 
changings about, Messrs. Knoke & Dressier, of Dresden, 
made, for the Eoyal Colliery at Zaukerode, a stretcher which 
can be telescoped to 60 inches and easily carried through 
headings and shafts. In headings, the stretcher is first 
mounted on a suitable truck and shortened as required ; 
and the same also applies to its conveyance throaga shifts 
The same stretcher can also be used above ground. It 
consists of a braced wooden frame with box, adjustable 
back rest, iron bow feet, telescoping bearer staves, and re- 
movable cover of brown canvas, the cost of which is 90 
marks (shillings) ; horse-hair mattress 25 marks (shillings) 
extra. 

The same makers also supply portable stretchers with 
suspensory appliances. The stretcher is suspended on four 
double springs attached to arms on the bearing frame, 
jolting being thereby prevented. It is also suitable for con- 
veyance on ordinary trucks, in which case the suspensory 
appliance is unscrewed and transferred to the truck. The 
cost of this stretcher amounts to 170 marks (shillings) for 
the bearing frame and suspensory appliance; 160 marks 
(shiUings) for the stretcher ; 25 marks for the mattress and 
pillow ; 14 marks for a pair of carrjdng straps ; rubber 
underlay 9 marks. 
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The prices of this stretcher shown on Plate IIL, and 
supplied by the same makers, are as follows : — 
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The Mining PoUce Eegulations (6th April, 1897) of 
Mahrisch-Ostrau prescribe that every colliery must be pro- 
vided with a rescue station above ground, and as near as 
possible to the entrance shaft, i.e., a chamber for storing 
respiratory apparatus for use in irrespirable gases, the 
necessary electric miners' lamps and goggles, and tarred 
canvas, sailcloth, or other appliance for the rapid erection 
of air barriers. 

With the consent of the Mining Department, several 
adjacent colUeries may share a station between them, which, 
in such case, must of course be equally accessible at all times 
to each. 

An oflBcial, named by the Mining Department, is entrusted 
with the supervision of the rescue station ; he is also respon- 
sible for its proper maintenance, and has to see that the 
respiratory apparatus, electric lamps, etc., are always kept 
fit for use. 

With regard to the respiratory apparatus, this must be 
such as can be safely used for at least an hour, and allow 
the wearer unrestricted freedom of movement. The Walcher- 
Gartner pneumatophor and the Neupert apparatus are recog- 
nised as fulfilling these requirements. The number of the 
respiratory apparatus to each rescue station must amount 
to 5 per cent, of the maximum staff per shift, and the 
number of men trained in rescue work must be twice as 
many as there are sets of apparatus. These men must be 

distributed in a suitable manner in the various shifts. 

11 
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In order that suitable precautions may be taken on the 
occurrence of fire-damp explosions or pit fires, and to guard 
against injurious forgetfulness, the mine manager is obliged 
to instruct certain men beforehand in the performance of 
detailed precautions with a view to such contingency, so that 
they know what they have to do without further orders in 
case of an accident. Among these duties are the control of 
the ventilator and the overhauling of any shaft covers that 
may be at hand. 

During the whole time rescue work is being performed, 
the ventilator must be constantly looked after by an 
experienced man. An increase in the speed of the fan is 
characterised as being advisable only in exceptional cases, 
and it is mentioned that reliable action is of more import- 
ance than any increase in the intake current ; and that on 
the other hand an increase in the velocity of the air current 
may possibly become injurious and a source of danger to the 
men fleeing from smoke and after-damp. 

Other precautions to be taken above ground are: procuring 
medical assistance as soon as possible ; getting the rescue 
apparatus in readiness ; accurate mustering of the escaping 
miners ; giving notice at once to the inspecting officials, as 
well as to neighbouring pits with a view to obtaining assist- 
ance; finally, to prevent curious bystanders from flocking 
on the premises. 

In the first place it should be ascertained whether there 
are any indications of the existence of fire — which will soon 
be afforded by the issue of a dark smoke through the venti- 
lator stack. Provided good grounds exist for supposing that 
fire has broken out, then volunteers should be called to 
enter the workings as quickly as possible and help any other 
men who may have been left behind there. If, however, in 
consequence of the fire being located in the neighbourhood 
of a presumably fiery goaf, the occurrence of further explo- 
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sions is feared, or when such explosions have already 
occurred of such violence and extent as to necessitate the 
conclusion that no one could have been left alive in the 
affected section, then attempts at rescue must be abandoned 
in order that the rescue party may not be uselessly exposed 
to danger. In such event suitable precautions for extin- 
guishing the fire should be taken immediately. 

If, on the other hand, an outbreak of fire does not seem 
to have occurred, the rescue work, if undertaken with care, 
can be carried out without danger, by following the venti- 
latmg current passing through the seat of the explosion ; 
repairing any brattices, etc., and advancing in the fresh air 
current to the scene of the accident. To accelerate this 
work, the rescue station can be divided into two parties, one 
of them going in advance so far as the respiratory apparatus 
in use permit, in order to bring any injured or unconscious 
miners back into the fresh air as quickly as possible, whilst 
the second party follows and repairs the damaged air con- 
duits. In any case it is advisable to increase the ventilation 
in the endangered section at the expense of other sub- 
divisions of the current, provided this course does not entail 
danger to any other part of the workings. 

If no reliable reports regarding an apparently violent 
explosion have come to bank, so that the effect of the ex- 
plosion affords the sole indication of the necessity for rescue 
work, the manager, after seeing that all arrangements have 
been made above ground, must first ascertain whether the 
winding arrangements are all right and the shaft free from 
after-damp — which latter may be ascertained by slowly 
lowering and raising a cage fitted with lighted candles. He 
should then order the descent of a rescue party fitted with 
respiratory apparatus, electric lamps and a few safety-lamps 
(to act as fire-damp indicators), under the command of an 
official. According to circumstances, the rescue party should 
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put the respiratory apparatus in use at once, or carry the 
same for momentary employment in case of need. 

The duties of the first rescue party going down are 
principally :— 

1. To ascertain whether any short circuit has been formed 
between the intake and upcast air shafts, and, if so, prevent 
same. 

2. To appoint suitable men to attend to the signalling on 
the main levels. 

3. To send quickly up to bank any miners found uncon- 
scious or injured. 

4. To give notice of the accident to miners in other parts 
of the workings, and instruct them to come out of the pit ; 
and 

6. Strengthened by the suitably armed party, which has 
in the meantime been sent down by the manager, to advance 
in the fresh-air current towards the scene of the catastrophe, 
locate same, and send notice to the manager. 

Meanwhile the manager has to see that all the necessary 
materials for rescue and recovery work in the pit, such as 
boards, canvas, nails, spars, reserve doors, etc., are lowered 
in sufficient quantities when required. He must organise 
the relief party, armed with respiratory apparatus and 
electric lamps, to strengthen the first party sent down. He 
will receive the reports of the overmen coming up with their 
subordinates from the unaffected parts of the pit, and see 
that men possessing requisite local knowledge are stationed 
at all passage-way crossings to point out the road ; and also 
that a large number of electric and other safety-lamps are 
lowered and distributed through the pit to light the loading 
places and the miners' lines of retreat. 

The use of rescue apparatus will be successful only when 
in the hands of properly instructed men. Many experts look 
upon the aforesaid rescue stations as useful only in the case 
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of pit fires, but not from explosions. Thus, an editorial in 
Glilchauf (1898, No. 15, page 298), says: '*In our opinion 
these rescue stations, though they may be of use in pit fires, 
are of little value in cases of explosion — at least that is the 
experience gained in the Ruhr district. Owing to the 
destruction caused in the headings by an extensive explosion, 
progress is sufficiently difficult without the hindrance 
caused by rescue apparatus, and, consequently, rescue parties 
armed with this apparatus are less likely to arrive on the 
scene in good time. Furthermore, the men intended to 
use the apparatus are themselves generally in the pit, and 
considerable time is therefore wasted before they can be got 
ready for action. Hence the possibility of rescuing any 
suffocated miners in this manner is very doubtful. Of far 
greater importance is it — as emphasised in the Austrian 
Ordinance — that all the colliery officials should be accurately 
informed as to what can be done in order to remove the 
after-damp as quickly as possible after an explosion has 
occurred ; since it is only after this has been done that the 
rescue parties can make any rapid progress." 

In opposition to this view the author may state that, on 
the occasion of the coal-dust explosion at Anina on 20th 
October, 1894, where forty-eight lives were sacrificed, thirteen 
men, who were suffocated by after-damp in a portion of the 
workings over 2,000 yards away from the seat of the explosion, 
could undoubtedly have been saved had any proper respiratory 
apparatus been available. Either the accumulated after- 
damp could have been easily removed with the assistance 
of such apparatus ; or, in view of the fact that all thirteen 
men lay in heaps close to the winding shaft, a rescue party 
could have advanced into the fire-damp direct. Moreover, 
experience gained at numerous pit fires during the last 
few decades affords convincing evidence that such rescue 
stations would frequently have been of very great value. 
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Unfortunately, at that time, usable respiratory apparatus 
was lacking. 

With regard to the number of respiratory apparatus to be 
stocked, Mining Councillors Behrens and Mayer expressed 
the opinion that ten sets are sufficient, and that in fixing the 
number the difficulty of training twice as many men must 
be taken into consideration. *' It appears more important to 
have a smaller and reliable rescue staff than a large number 
of insufficiently -instructed men.*' In Mayer's opinion at 
least ten sets of apparatus should be stored in the rescue 
chamber above ground at each pit, and at least five at each 
intake shaft, together with a suitable number stored in 
underground rescue stations near the most dangerous parts 
of the workings. 

(b) Underground Bescue Stations. 

As these stations have not as yet been very largely 
installed, it will be sufficient to mention a few instances, 
occurring in pit fires, which raise the question whether 
refuge places, provided with compressed air and other 
remedial appliances, such as respiratory apparatus, electric 
lamps, refreshments, drinking water, etc., could not be 
arranged at certain places in coal pits. As far back as 1862, 
on the occasion of an accident, involving the loss of many 
lives, at Leoben, through the smoke fumes from a burning 
shed at the pit mouth finding their way down into the work- 
ings, a portion of the men saved themselves by erecting a 
barrier to keep back the advancing fumes. Again at the 
Herminegild shaft fire in 1896, several men, who were better 
protected from smoke fumes in the side passages, were able 
to make use of compressed air for respiration, managed to 
escape ; and similar observations were recorded at the fire in 
the Kleophas pit (1896), Mining Councillor Mayer pro- 
posed, after the Herminegild shaft fire, that such refuges, 
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ordinarily left open, should be closed by doors constructed 
for the purpose, fitted with glazed windows and kept in 
reserve, and then protected from the influx of smoke fumes 
by introducing a supply of compressed air. Of course, these 
precautions would necessitate the men being thoroughly 
instructed beforehand ; but in such case many unauthorised 
and useless attempts at rescuing the fleeing miners would 
be prevented. 



VTI. SPONTANEOUS IGNITION OF COAL IN 

BULK. 

According to Ainsworth, the principal causes of spon- 
taneous ignition in coal are : friction, chemical action and 
pressure. The tendency of coal to become hot is due to 
absorption of solar heat and atmospheric oxygen. The 
carbon of coal being a bad conductor of heat, it therefore 
retains the greater part of the heat absorbed. In the case 
of damp coal, ' heat is developed in larger quantity than 
when dry, and the moisture is converted into vapour, this 
sweating being increased by the moisture. It may therefore 
be taken for granted that in large damp heaps of coal a great 
volume of heat can be developed under these favourable 
conditions, particularly in the bottom of the mass. Small 
coal is more active in this respect than large blocks, the 
heat being unable to escape as quickly as it is developed, 
owing to the absence of air circulation, and it therefore 
accumulates, the temperature increasing in proportion to 
the depth of the mass. Pressure is another cause of spon- 
taneous combustion ; for though in itself it does not produce 
any great amount of heat, it favours its development and 
accumulation. 

The most important cause of all, however, is chemical 
reaction. The heat thus developed seizes upon the elements 
for which it has the greatest afl&nity, iron pyrites being 
decomposed into iron and sulphur, and the latter oxidised. 
Naturally the first product of spontaneous ignition is steam. 
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the other volatile gases being liberated according to their 
volatility and density. The latter quality increases and 
volatility diminishes the nearer we get to the bottom of the 
mass, until hot coal, giving off black smoke consisting of 
carbon, carbon dioxide and other gases, is reached. The 
liberation of gas goes on until nothing but coke is left. 

To prevent spontaneous combustion, wooden shafts are 
oftentimes put in while the coal is being piled on the heaps. 
According to Muck, these shafts, in the ordinary loosely 
constructed form, are actually harmful, as they facilitate the 
circulation of air, and consequently oxygen absorption, in 
the middle of the heap. And in fact it has been found in 
cases of fire that, where these shafts have been used in 
inflammable coal, the outbreak always occurred at the con- 
tact surfaces of the wood and coal, ie.y where, during the 
drying of the coal, the air that has been impoverished in 
oxygen is replaced by a fresh supply. 

In England the question of spontaneous ignition in bulk 
has become very grave, ovnng to the serious losses and 
dangers arising from the heating of coal heaps containing 
2,000 tons and upwards, especially in the carrying trade and 
during prolonged storage ; the losses of life and property in 
the year 1875 being so great that a Eoyal Commission was 
appointed to establish suitable precautions against accidents 
of this kind. Nevertheless the deliberations were attended 
with so little success that during the nine years next ensuing 
no less than fifty-seven coal vessels were lost in consequence 
of their cargo taking fire. Although the accidents from this 
cause at sea are of a far worse nature than when a coal store 
takes fire on land, the latter is always attended with con- 
siderable loss, even when the whole is not destroyed by fire 
and the coal is merely dissipated by spontaneous heating. 

At the conclusion of his paper on the enormous losses 
occasioned in England by the spontaneous ignition of coal 
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during storage, Prof. V. B. Lewes stated that spontaneous 
heating is of rare occurrence in newly got coal unless piled 
up in unusually high heaps, since, even though coal, stored 
immediately in the open air, absorbs oxygen, the access of air 
to the individual blocks prevents any considerable rise in th^ 
temperature when the heaps are small. When, however, in 
consequence of frequent handling, the lump coal is broken 
into dust (e,g., in loading on board ship), fresh surfaces are 
constantly exposed to the air, the result being a rapid 
absorption of oxygen and corresponding accession of tem- 
perature. 

Keviewing the possible causes of spontaneous ignition 
in coal, the following points, as influencing rapid heating, 
are worthy of mention : — 

1. Nature of the coal, and principally the degree of mois- 
ture present, since the larger this proportion the greater the 
absorptive capacity of the coal towards oxygen and the more 
rapid the attendant development of heat. 

2. The size of the lumps — whether dust, nuts, cobbles or 
large lumps — is very important, the smaller sizes heating 
more readily than the larger. 

3. Coals should not be shipped or thrown up in heaps 
during wet weather. Although the external moisture from 
rain or snow ' does no damage at first, it is gradually 
absorbed into the heaps, which it penetrates, and by degrees 
increases the affinity of the coal for oxygen. 

4. Ventilation is injurious unless it can be thoroughly 
eflfected by passing cold air through the heap in all directions. 

5. As, however, any increase of temperature in stored 
coal heaps is injurious, outbreaks of fire are in many cases 
traceable to direct contact of the coal with steam-pipes, 
furnace flues, or warm walls. 

Accordingly, under no circumstances should a steam-pipe 
or flue be placed near the stored coal ; and the latter should 
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be at least twenty feet away from any boiler, fire or retort- 
No coal should be stored in a heap or loaded on shipboard 
until a full month has elapsed since it was raised. Precau- 
tions should be taken to minimise the breakage of coal 
during loading; no smalls or dust coal should be piled up 
in large heaps; and 70-80 inches should be the maximum 
height of any coal heap. 
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Fire-damp, explosion of, by elec- 
tricity, 45-47. 

— explosions and pit fires, 8. 
Fire gases, analysis of, 114. 
Fires, extinction by flooding, 167, 

158. 

— See Pit fires. 

Fleuss' respiratory apparatus, 67- 

69. 
Flooding burning section of pit, 

150. 

— extinction of fire by, 167, 
168. 

G. 

Gaertner on oxygen in rescue 

work, 65. 
Galibert air-bag, 142, 146. 
Gallery linings, 107. 
Gas-diving appliances, 118, 129. 
Goaf fires, 6, 26. 

— packing to prevent fires, 24, 
30-32. 

Guttmann on miners' lamps, 12. 



Haldane, Dr., on carbon monoxide, 

50, 51, 66. 
Heller on absorbents, 88-89. 
Horizontal recovery work, 129-136. 
Hose reels, 139, 140-142. 



I. 

Indications of pit fires, 47-49, 162. 
Injured, stretchers for, 159-161. 
Insulation of electric cables, 43. 
Iron linings for preventing fire, 10. 
— pyrites and spontaneous ig- 
nition, 2. 
Irrespirable gases, working in, 

118-160. 
Isolating wall, 135. 
Isolation, complete, of pits, 149. 



K. 

Karwin, recovery work at, 118-160* 
Knoke & Dressler's stretcher, 160. 



L. 

Lamps — 

Benzine, 13-15, 37. 

Electric, 15, 38, 55, 130, 131, 134, 
135, 148. 

Guttmann on, 12. 

Oil, 12-16. 

Open, and pit fires, 12-15. 

Pit fires and, 12. 

Safety, 36. 

Wolf, 13, 37. 
Lewes, V. B., on spontaneous ig- 
nition of coal, 170. 
Lime as an absorbent, 62-65. 
Localising shaft fires, 17. 



Masks. See Respiratory appli- 
ances. 

Mauerhofer system of air-lock 
work, 129-136. 

Mayer on absorbents, 62-66. 

— on extinguishing fires, 93- 
96. 

— on rescue appliances, 52. 

— system of recovery work, 
136. 

Mine timbers and pit fires, 6, 7, 

11. 
Moisture and pit fires, 7. 
Muck on spontaneous ignition, 2. 
Miiller smoke helmet, 66-69. 

N. 

Neupert apparatus, absorbents in, 
62. 

— respiratory apparatus, 82-92. 

0. 

Oil lamps, 12-16. 

Open lamps and pit fires, 12-15. 

Oxygen apparatus, 60-92. 

— bottle in respiratory ap- 
paratus, 70, 71, 73, 77, 84, 88. 

— physiological effects of, 65. 

— reservoir in respiratory ap- 
paratus, 68. 

P. 

Packing burning seams with clay, 
97. 
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Pit fires, causes of, 1-9. 

— — extinguishing, 93-158. 

— — indications of, 47-49, 

162. 

— — mine timbers and, 6, 

r, 11. 

— — moisture and, 7. 
Plastering seams, 28, 30. 
Pneumatophor, 69-82, 90. 
Potash as an absorbent, 62-65, 86, 

88, 89. 
Precautions against shaft fires, 

10-47. 
Preventive regulations, 10-47. 



B. 

Recovery apparatus, 60-92. 
Reducing valve for compressed 

air, 138, 143, 144. 
Rescue appliances, 60-92. 

— parties, duties of, 163, 164. 

— stations, 159-167. 

— above ground, 169-166. 

— under ground, 166-167. 
Reservoir apparatus, 60. 
Respiration, 61, 146, 146. 
Respiratory apparatus, exercising 

with, 162, 166. 

— appliances, 50-92, 118-160. 

— — Bremen smoke helmet, 

64-66. 

— — compressed air, 64. 
_ _ Fleuss', 67-69. 

— — Galibert air-bag, 142, 

146. 

— — Mayer on, 62. 

— — Miiller smoke helmet, 

66-69. 
_ _ Neupert, 82-92. 

— — pneumatophor, 69 - 82, 

90. 

— — Robert respirator, 63. 

— — Rozier (P. de) nose 

mask, 64. 

— — Schwann's, 66, 67. 

— — Stolz mask, 69. 
Robert respirator, the, 53. 
Rock pressure and pit fires, 4. 
Rozier (Pilatre de) nose mask, 64. 



S. 

Safety lamps, 36. 

Salzmann reducing valve, 143, 144. 
Sampling pit air, 132. 
Schwann's respiratory apparatus, 

66, 67. 
Shaft fires, localising, 17. 
Shale and spontaneous ignition, 

27. 
Signalling appliances, 15. 

— in recovery work, 147-149. 
Smoke helmets. See Respiratory 

appliances. 

Soda as an absorbent, 62-66, 71. 

Soda-lime as an absorbent, 62-66. 

Sommeiler compressor, 137. 

Spontaneous heating of goaf pack- 
ing, 4. 

— ignition, 1-7, 48. 

— — of coal in bulk, 168-171. 

— — precautions against, 23- 

36. 
Steam, extinguishing fires with, 
94, 97. 

— pipes and pit fires, 7. 
Stolz rescue mask, 69. 
Stretchers for rescue work, 169- 

161. 
Sulphurous acid for extinguishing 
fires, 95. 

T. 

Telephones, pit, 16, 16. 

V. 

Vertical recovery work, 136-149. 
Ventilation during fires, 19, 28, 34, 

— in recovery work, 126-127t 
135, 136, 162. 

W. 

Wagner safety dam, 108-114. 
Walcher-Gaertner apparatus. See 

Pneumatophor. 
Water-cooling in fiery seams, 36. 

— — in fires, 94. 

Water in extinguishing fires, 97. 
Wenker & Berninghaus' lock for 

dam doors, 156. 
Wolf benzine lamp, 13, 37. 
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Paints, Colours and Printing 

Inks. 

THE CHEMISTRY OP PIGMENTS. By Ernest J. Parry, 

B.Sc. (Lond.), F.I.C., F.C.S., and J. H. Coste, F.I.C, F.C.S. Demy 
8vo. Five Illustrations. 285 pp. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lis. 3d. abroad.) 

Contents. 

Introductory. Light — White Light — The Spectrum — The Invisible Spectrum — Normal 
Spectrum — Simple Nature of Pure Spectral Colour — The Recomposition of White Light — 
Primary and Complementary Colours — Coloured Bodies— Absorption Spectra — The Appli- 
cation of PIsrmenta. Uses of Pigments : Artistic, Decorative, Protective — Methods of 
Application of Pigments : PasteJs and Crayons, Water Colour, Tempera Painting, Fresco^ 
Encaustic Painting, Oil-colour Painting, Keramic Art, Enamel, Stained and Painted Glass, 
Mosaic — inorg'anic Pic^cnts. White Lead — Zinc White — Enamel White — Whitening — 
Red Lead — Litharge — Vermilion — Ro^al Scarlet — ^The Chromium Greens — Chromates of Lead,. 
Zinc, Silver and Mercury — Brunswick Green — The Ochres — Indian Red — Venetian Red — 
Siennas and Umbers — Light Red — Cappagh Brown — Red Oxides — Mars Colours — Terre Verte 
— Prussian Brown — Cooalt Colours — Coeruleum — Smalt — Copper Pigments — Malachite — 
Bremen Green — Scheele's Green — Emerald Green — Verdigris^Brunswick Green — Non- 
arsenical Greens — Copper Blues — Ultramarine — Carbon Pigments — Ivory Black — Lamp Black 
— Bistre — Naples Yellow — Arsenic Sulphides : Orpiment, Realgar — Cadmium Yellow — 
Vandyck Brown — Orgfanic Pisroients. Prussian Blue — Natural Lakes — Cochineal — Carmine 
— Crimson — Lac Dye — Scarlet — Madder — Alizarin — Campeachy — Quercitron — Rhamnus — 
Brazil Wood — Alkanet — Santal Wood — Archil — Coal-tar Lakes — Red Lakes — Alizarin Com- 
pounds — Orange and Yellow Lakes — Green and Blue Lakes — Indigo— Dragon's Blood — 
Gamboge — Sepia — Indian Yellow. Puree — Bitumen, Asphaltum, Mummy — Index. 

THE MANUFACTURE OF PAINT. A Practical Handbook 

for Paint Manufacturers, Merchants and Painters. By J. Cruickshank 
Smith, B.Sc. Demy Svo. 200 pp. Sixty Illustrations and One Large 
Diagram. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Preparation of Raw Material — Storing of Ra\v Material — Testing and Valuation of Raw 
Material — Paint Plant and Machinery — The Grinding of White Lead — Grinding of White 
Zinc — Grinding of other White Pigments — Grinding of Oxide Paints — Grinding of Staining 
Colours — Grinding of Black Paints — Grinding of Chemical Colours — Yellows— Grinding of 
Chemical Colours — Blues — Grinding Greens — Grinding Reds — Grinding Lakes^Grinding- 
Colours in Water — Grinding Colours in Turpentine — The Uses of Paint — ^Testing and Matching- 
Paints — Economic Considerations — Index. 

DICTIONARY OF CHEMICALS AND RAW PRO- 
DUCTS USED IN THE MANUFACTURE OF 
PAINTS, COLOURS, VARNISHES AND ALLIED 
I PREPARATIONS. By George H. Hurst, F.C.S. Demy 

£vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. abroad.)- 
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THE MANUFACTURE OF LAKE PIGMENTS FROM 
ARTIFICIAL COLOURS. By Francis H. Jennison, 
F.I.C, F.C.S. Sixteen Coloured Plates, showingr Specimens of 
Eigrhty-nine Colours, specially prepared from the Recipes gwen 
in the Book. 136 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home; 8s. abroad.) 

Contents. 

The Groups of the Artificial Colouring Matters — The Nature and Manipulation of Artificial 
Colours — Lake-forming Bodies for Acid Colours — Lake-forming Bodies* Basic Colours — Lake- 
Bases — The Principles of Lake Formation — Red, Lakes— Orange, Yellow, Green, Blue, Violet 
and Black Lakes — The Production of Insoluble Azo Colours in the Form of Pigments — The- 
Generai Properties of Lakes Produced from Artificial Colours — Washing, Filtering and Fin-> 
ishing — Matching and Testing Lake Pigments — Index. 
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PAINTS, COLOURS, ETC.— continued, 

THE MANUFACTURE OF MINERAL AND LAKE 

PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters' Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Josef Bersch. Translated by A. C. Wright, 
M.A. (Oxon.), B.Sc. (Lond.). Forty-three Illustrations. 476 pp., demy 
8vo. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d. abroad.) 

Contents. 

Introduction — Physico-chemical Behaviour of Pigments — Raw Materials Employed in 
the Manufacture of Pigments — Assistant Materials— Metallic Compounds — The Manufacture 
of Mineral Pigments — The Manufacture of White Lead — Enamel White — Washing Apparatus 
— Zinc White — Yellow Mineral Pigments — Chrome Yellow — Lead Oxide Pigments — 
Other Yellow Pigments — Mosaic Gold— Red Mineral Pigments — The Manufacture of Ver- 
milion — Antimony Vermilion — Ferric Oxide Pigments — Other Red Mineral Pigments — Purplt 
of Cassius — Blue Mineral Pigments — Ultramarine — Manufacture of Ultramarine — Blue 
Copper Pigments— Blue Cobalt Pigments— Smalts — Green Mineral Pigments— Emerald 
Green — Verdigris — Chromium Oxide — Other Green Chromium Pigments — Green Cobalt Pig- 
ments — Green Manganese Pigments— Compounded Green Pigments — Violet Mineral Pig- 
ments — Brown Mineral Pigments — Brown Decomposition Products— Black Pigments — Manu- 
-focture of Soot Pigments — Manufacture of Lamp Black — The Manufacture of Soot Black 
^without Chambers — Indian Ink — Enamel Colours — Metallic Pigments — Bronze Pigments — 
Vegetable Bronze Pigments. 

Pigments of Organic Origin — Lakes — Yellow Lakes — Red Lakes — Manufacture of 
Carmine — The Colouring Matter of Lac — Safflower or Carthamine Red — Madder and 
its Colouring Matters — Madder Lakes— Manj it (Indian Madder) — Lichen Colouring Matters — 
Red Wood Lakes— The Colouring Malters of Sandal Wood and Other Dye Woods— Blue 
Lakes— Indigo Carmine — The Colouring Matter of Log Wood — Green Lakes — Brown Organic 
Pigments — Sap Colours — Water Colours — Crayons — Confectionery Colours — The Preparation 
of Pigments for Painting — ^The Examination of Pigments — Examination of Lakes — The 
Testing of Dye-Woods — ^The Design of a Colour Woi4is — Commercial Names of Pigments — 
Appendix: Conversion of Metric to English Weights and Measures — Qentigrade and Fahrenheit 
Thermometer Scales — Index. 

RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 
SOAP AND DRYSALTERY TRADES. Compiled by 
An Analytical Chemist. 350 pp. DcmySvo. Price7i5.Gd.net. (Post 
free, Ss. home ; 8s. 3d. abroaid.) 

Contents. 

Pigments or Colours for Paints, Lithographic and Letterpress Prinlinj; Inks, etc.— 
Mixed Paints and Preparations for Paint-making, Painting, Lime>washing, Paperhanging, 
«tc^ — Varnishes for Coach-builders, Cabinetmakers, Wood-workers, Metal-workers, Photo- 
graphers, etc. — Soaps for Toilet, Cleansing, Polishing, etc. — Perfumes — Lubricating Greases, 
Oils, etc. — Cements, Pastes, Glues and Other Adhesive Preparations— Writing, Marking, 
Endorsing and Other Inks — Sealing-wax and Office Requisites — Preparations for the Laundry, 
Kitchen, Stable and General Household Uses — Disinfectant Preparations — Miscellaneous 
Preparations — Index. 

OIL COLOURS AND PRINTERS' INKS. By Louis 

Edgar And^s. Translated from the German. 215 pp. Crown 8vo. 
56 Illustrations. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents- 
Linseed Oil — Poppy Oil — Mechanical Purification of Linseed Oil — Chemical Purification of 
Linseed Oil — Bleaching Linseed Oil — Oxidizing Agents for Boiling Linseed Oil — Theory of 
Oil Boiling — Manufacture of Boiled Oil — Adulterations of Boiled Oil — '■ '^hinese Drying Oil and 
Other Specialities — Pigments for House and Artistic Painting and Inks — Pigment for 
Printers' Black Inks — Substitutes for Lampblack — Machinery for Colour Grinding and 
Rubbing — Machines for mixing Pigments with the Vehicle — Paint AI.lls — Manufacture of 
House Oil Paints — Ship Paints — Luminous Paint — Artists Cc'.ours — Printers' Inks: — 
VBHICLBS— Printers' Inks':— PIGMRNTS and MANUFACTURE— Index. 

(See also Writing Inks, p. ii.) 

THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Decorators and Painters. 

{See page 28.) 



PAINTS, COLOURS, ETC— continued. 

CASEIN. By Robert Scherer. Translated from the German 
by Chas. Salter. Demy 8vo. Illustrated. 160 pp. Price 7s. 6d. 
net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Casein : its Origrln, Preparation and Properties. Various Methods of Preparlns: 
Casein. Comporitlon and Properties of Casein. Casein Paints.—" Marble-Lime " 
Colour for Outside Work— Casein Enamel Paint— Casein Pa9ade Paint— Cold- Water Paint in 
Powder Porm — History's Recipe for Casein Paint and Varnish — Pure Casein Paints for Walls, 
etc. — Casein Paints for Woodwork and Iron — Casein-Silicate Paints — Milk Paints — Casein- 
Silicate Paint Recipes — Trojel's Boiled Oil Substitute — CaNomine Wash — Quick-Drying 
Casein Paint — Boiled Oil Substitute — Ring's Cold-Water Paint — Purmolactin — Waterproof 
Paint for Playing Cards — Casein Colour Lake —Casein-Cement Paint. The Technics of 
Casein Palntlnsr. Casein Adhesives and Putties.— Casein Glue in Plates or Flakes — 
Jeromin's Casein Adhesive — Hall's Casein Glue — Waterproof Glue — Liquid Casein Glue — 
Casein and Borax Glue — Solid Casein Adhesive — Casein Solution — Glue Powder — Casein 
Puttier — Washable Cement for Deal Boards — Wenk's Casein Cement — Casein and Lime Cement 
— "Pitch Barm "—Casein Stopping — Casein Cement for Stone. The Preparation of 
Plastic Masses from Casein. — Imitation Ivory — Anti-Radiation and Anti-Corrosive Com- 
position — Dickmann's Covering for Floors and Walls — Imitation Linoleum — Imitation 
Leather — Imitation Bone — Plastic Mass of Keratin and Casein — Insulating Mass — Plastic 
Casein Masses — Horny Casein Mass — Plastic Mass from Celluloid — Casein Cellulose Compo- 
sition — Fireproof Cellulose Substitute — Nitrocellulose and Casein Composition — Franquet's 
Celluloid Substitute— Galalith. Uses ol Casein in the Textile Industry, for Finishing- 
Colour Printing, etc. — Caseogum — " Glutin " — Casein Dressing for Lmen and Cotton 
Fabrics — Printing Colour with Metallic Lustre — Process for Softening, Sizing and Loading — 
Fixing Casein and Other Albuminoids on the Fibre — Fixing Insoluble Colouring Matters — 
Waterproofing and Softening Dressing — Casein for Mercerising Cr6pe — Fixing Zinc White on 
Cotton with Formaldehyde — Casein-Magnesia — Casern Medium for Calico Printing — Loading 
Silk. Casein Foodstuffs.— Casein Food— Synthetic Milk— Milk Food— Emulsifiable Casein 
— Casein Phosphate for Baking — Making Bread, Low in Carbohydrates, from Flour and Curd 
— Preparing Soluble Casein Compounds with Citrates — Casein Food. Sundry Applications 
of Casein. 

SIMPLE METHODS FOR TESTING PAINTERS' 
MATERIALS. By A. C. Wright, M.A. (Oxon.), B.Sc. 

(Lond.). Crown Svo. 160 pp. Price 5s. net. (Post free, 5s. 3d. 
home ; 5s. 6d. abroad.) 

IRON - CORROSION, ANTI - FOULING AND ANTI- 
CORROSIVE PAINTS. Translated from the German of 
Louis Edoar Andes. Sixty-two Illustrations. 275 pp. Demy Svo. 
Price 10s. 6d. net. (Post free, 10s. lOd. home; lis. 3d. abroad.) 

Contents. 

Iron-rust and its Formation — Protection from Rustmg by Paint — Grounding the Iron with 
Linseed Oil, etc. — Testing Paints — Use of Tar for Paintmg on Iron — Anti-corrosive Paints — 
Linseed Varnish — Chinese Wood Oil — Lead Pigments — Iron Pigments — Artificial Iron Oxides 
— Carbon — Preparation of Anti-corrosive Paints — Results of Examination of Several Anti- 
corrosive Paints — Paints for Ship's Bottoms — Anti-fouling Compositions — Various Anti-cor- 
rosive and Ship's Paints — Official Standard Specifications ror Ironwork Paints — Index. 

THE TESTING AND VALUATION OF RAW MATE- 
RIALS USED IN PAINT AND COLOUR MANU- 
FACTURE. By M. W. Jones, F.C.S. A Book for the 
Laboratories of Colour Works. 88 pp. Crown Svo. Price 5s. net. 
(Post free, 5s. 3d. home and abroad.) 

THE MANUFACTURE AND COMPARATIVE MERITS 
OF WHITE LEAD AND ZINC WHITE PAINTS. By 

G. Petit, Civil Engineer, etc. Translated from the French. Crown Svo. 
100 pp. Price 4s. net. (Post free, 4s. 3d. home ; 4s. 4d. abroad.) 

Contents. 

Chapters I., The Fundamental Principles of Painting in Oil. II., The Different Varieties of 
White Leads— The Dutch Process— Grinding White Lead in Oil. III., Other Processes of 
Manufacturing White Lead. IV. .White Lead Substitutes— Sophistication of White Lead- 
Analysis of White Lead. V., White Lead Paints — Their Merits and Defects. VI., Toxi- 
cology of White Lead — Hygienic Measures in its Manufacture and Use. VII., Zinc White — 
Its Preparation. IX., Zinc White Paint and Zinc White Coatings — Their Merits and Defects. 



STUDENTS' HANDBOOK OP PAINTS, COLOURS, OILS 
AND VARNISHES. By John Furnell. Crown 8vo. 12 

Illustrations. 96 pp. Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.) 

Varnishes and Drying Oils. 

OIL CRUSHING, REFINING AND BOILING, THE 

MANUFACTURE OF LINOLEUM, PRINTING AND 

LITHOGRAPHIC INKS, AND INDIA-RUBBER 

SUBSTITUTES. By John Geddes McIntosh. Being 
Volume I. of the Second, greatly enlarged, English Edition, in three 
Volumes, of '* The Manufacture of Varnishes and Kindred Industries," 
based on and including the work of Ach. Livache. Demy 8vo. 150 pp. 
29 Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home; 8s. 
abroad.) 

VARNISH MATERIALS AND OIL- VARNISH MAKING. 

By J. G. McIntosh. Being Vol. II. of " The Manufacture of Varnishes 
and Kindred Industries". Demy Svo. 70 Illustrations. 220 pp. 
Price 10s. 6d. net. (Post free, 10s. lOd. home ; lis. 3d. abroad.) 

Contents. 

Chapter I., Introduction. II., Amber and Amber Oil Varnishes. III., Copal, etc. IV.« 
Resins — Assorting, Cleaning and Fusing. V., Asphaltum, Coal-Tkr, Pitch, Rubber, etc. VI., 
Oil-Varnish Making— General Instructions. VII., Copal Oil Varnish. VIII., Rosin Oil Varnish 
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Milk Standards. Various Products used in Agriculture. — Arsenious Oxide — Bleaching 
Powder — Copper Salts — Disinfectants — Fungicides — Iron Sulphate — Mercuric Chloride — 
Plant Poisons. Appendix. — Atomic Weights — Hydrometer Scales — Metric System — 
Solubilities. Tropical As^riculture, etc. — Composition of Rain Water — Irrigation Water — 
Earth Worms — Motion of Water in Soil — Analysis of Soils — Green Manurinjz — Kraal Manure 
— Bats' Guano — Artificial Manures — The Plant — Rice — Maize— Millet— Cotton — Flax— Castor 
Seeds — Sunflower — Composition of Various South African Grown Crops — Ash Constituents of 
Foods — Variations in the Composition of Milk — Butter — Fat — Bordeaux Mixture — Insecticides. 

THE UTILISATION OF WASTE PRODUCTS. A Treatise 

on the Rational Utilisation, Recovery and Treatment of Waste Pro- 
ducts of all kinds. By Dr. Theodor Koller. Translated from the 
Second Revised German Edition. Twenty -two Illustrations. Demy 
8vo. 280 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d. 
abroad.) 

Writing Inks and Sealing Waxes. 

INK MANUFACTURE : Including Writing, Copying, Litho- 
graphic, Marking, Stamping, and Laundry Inks. By Sigmund Lehner. 
Three Illustrations. Crown 8vo. 162 pp. Translated from the German 
of the Fifth Edition. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. 
abroad.) 

Contents. 

Varieties of Ink — Writing Inks — Raw Materials of Tannin Inks — The Chemical Constitution 
of the Tannin Inks — Recipes for Tannin Inks — Logwood Tannin Inks — Ferric Inks — Alizarine 
Inks — Extract Inks — Logwood Inks — Copying Inks — Hektographs — Hektograph Inks — Safety 
Inks — Ink Extracts and Powders — Preserving Inks — Changes in Ink and the Restoration of 
Faded Writing — Coloured Inks — Red Inks — Blue Inks — Violet Inks — Yellow Inks — Green 
Inks — Metallic Inks — Indian Ink — Lithographic Inks and Pencils — Ink Pencils — Marking Inks 
— Ink Specialities — Sympathetic Inks — Stamping Inks — Laundry or Washing Blue — Index. 

SEALING-WAXES, WAFERS AND OTHER ADHES- 
IVES FOR THE HOUSEHOLD, OFFICE, WORK- 
SHOP AND FACTORY. By H. C. Standage. Crown 

8vo. 96 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 

Contents. 

Materials Used for Makinsr Sealing^- Waxes— The Manufacture of Sealing-Waxes— 
Wafers — Notes on the Nature of the Materials Used in Making Adhesive Compounds — Cements 
for Use in the Household — Office Gums, Pastes and Mucilages — Adhesive Compounds for 
Factory and Workshop Use. 

Lead Ores and CompoundSe 

tEAD AND ITS COMPOUNDS. By Thos. Lambert, 
Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty Illus- 
trations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d. abroad.) 

Contents. 

History — Ores of Lead — Geographical Distribution of the Lead Industry — Chemical and 
Physical Properties of Lead — Alloys of Lead — Compounds of Lead — Dressing of Lead Ores 
— Smelting or Lead Ores — Smelting in the Scotch or American Ore-hearth — Smelting in th^ 
Shaft or Blast Furnace — Condensation of Lead Fume — Desilverisation, or the Separation 
of Silver from Argentiferous Lead — Cupellation — The Manufacture of Lead Pipes and 
Sheets — Protoxide of Lead — Litharge and Massicot — Red Lead or Minium — Lead Poisoning 
— Lead Substitutes — Zinc and its Compounds — Pumice Stone — Drying Oils and Siccatives 
— Oil of Turpesntine Resin — Classification of Mineral Pigments — ^Analysis of Raw and Finished 
Products — Tables — I ndex. 

NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jas. Fairie, F.G.S. Crown 8vo. 64 pages. Price Is. net. 
(Post free, Is. 3d. home ; Is. 4d. abroad.) 

(White Lead and Zinc White Paints^ see p. 4.) 
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Industrial Hygiene. 

THE RISKS AND DANGERS TO HEALTH OF VARI- 
OUS OCCUPATIONS AND THEIR PREVENTION. 

By Leonard A. Parry, M.D., B.Sc. (Lond.). 196 pp. Demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Occupations which are Accompanied by the Generation and Scattering of Abnormal 
Quantities of Dust — Trades in which there is Danger of Metallic Poisoning — Certain Chemi- 
cal Trades — Some Miscellaneous Occupations — Trades in which Various Poisonous Vapours 
are Inhaled — General Hygienic Considerations — Index. 

Industrial Uses of Air, Steam and 

Water. 

DRYING BY MEANS OF AIR AND STEAM. Explana- 
tions, Formulae, and Tables for Use in Practice. Translated from the 
German of B. Hausbrano. Two folding Diagrams and Thirteen Tables. 
Crown 8vo. 72 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 6d. 
abroad.) Contents. 

British and Metric Systems Compared — Centigrade and Fahr. Thermometers — Estimation 
of the Maximum Weight of Saturated Aqueous Vapour which can be contained in i kilo, 
of Air at Different Pressure and Temperatures — Calculation of the Necessary Weight and 
Volume of Air, and of the Least Expenditure of Heat, per Drying Apparatus with Heated 
Air, at the Atmospheric Pressure : A , With the Assumption that the Air is Completely Satur- 
ated with Vapour both before Entry and after Exit from the Apparatus — 6, When the 
Atmospheric Air is Completely Saturated before entry, but at its exit is only f , ^ or ^ Saturated 
— C, When the Atmospheric Air is not Saturated with Moisture before Entenn^; the Drying 
Apparatus — Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artificially 
Created, Higher or Lower than that of the Atmosphere — Drying by Means of Superheated 
Steam, without Air — Heating Surface, Velocity of the Air Current, Dimensions of the Drying 
Room, Surface of the Drying Material, Losses of Heat — Index. 

{See also '* E vapor atittff^f Condensing and Cooling Apparatus,^* p. 26.) 

PUKE AIR, OZONE AND WATER. A Practical Treatise 

of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. Cowell. Twelve Illustrations. Crown 
8vo. 85 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.) 

Contents. 

Atmospheric Air ; Lifting of Liquids ; Suction Process ; Preparing Blown Oils : Preparing 
Siccative Drying Oils — Compressed Air ; Whitewash — Liquid Air ; Retrocession — Purification 
uf Water; Water Hardness — Fleshings and Bones — Ozonised Air in the Bleaching and De- 
odorising of Fats, Glues, etc. ; Bleaching Textile Fibres— Appendix : Air and Gases ; Pressure 
of Air at Various Temperatures ; Fuel ; Table of Combustibles : Saving of Fuel by Heating 
Feed Water : Table of Solubilities of Scale Making Minerals; British Thermal Units Tables : 
Volume of the Flow of Steam into the Atmosphere : Temperature of Steam — Index. 

THE INDUSTRIAL USES OF WATER. COMPOSI- 
TION — EFFECTS— TROUBLES — REMEDIES— RE- 
SIDUARY WATERS— PURIFICATION— ANALYSIS. 

By H. DE LA Coux. Royal 8vo. Translated from the French and 
Revised by Arthur Morris. 364 pp. 135 Illustrations. Price 10s. 6d. 
net. (Post free, lis. home; lis. 6d. abroad.) 

Contents. 

Chemical Action of Water in Nature and in Industrial Use — Composition of Waters — 
Solubility of Certain Salts in Water Considered from the Industrial Point of View — Effects on 
the Boiling of Water — ^Effects of Water in the Industries — Difficulties with Water — Feed 
Water for Boilers — Water in Dyeworks, Print Works, and Bleach Works — Water in the 
Textile Industries and in Conditioning — Water in Soap Works — Water in Laundries and 
Washhouses — Water in Tanning — Water in Preparing Tannin and Dyewood Extracts — ^Water 
ih Papermaking — Water in Photography — Water in Sugar Refining — Water in Making Ices 
and Beverages — Water in Cider Making — Water in Brewing — Water in Distilling — Preliminary 
Treatment and Apparatus — Substances Used for Preliminary Chemical Purification — Com- 
mercial Specialities and their Employment — Precipitation of Matters in Suspension in Water 
— Apparatus for the Preliminary Chemical Purification of Water — Industrial Filters — Indus- 
trial Sterilisation of Water — Residuary Waters and their Purification — Soil Filtration — 
Purification by Chemical Processes — Analyses — Index. 

{Sec Books on Smoke Prevention, Engineering and Metallurgy ^ p. 26, etc.) 
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X Rays. 



PRACTICAL X RAY WORK. By Frank T. Addyman, 

B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London ; 
Radiographer to St. George's Hospital ; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George's Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lis. 3d. abroad.) 

Contents- 
Historical — Work leading up to the Discovery of the X Rays — ^The Discovery — Appara- 
tus and its Manag^ement — Electrical Terms — Sources of Electricity — Induction Coils — 
Electrostatic Machines — Tube^ — Air Pumps — Tube Holders and Stereoscopic Apparatus — 
Fluorescent Screens — Practical X Rasr Woric — Installations — Radioscopy — Radiography — 
X Rays in Dentistry — X Rays in Chemistry — X Rays in War — Index. 

List Of Plates. 

Frontispiece — Congenital Dislocation of Hip-Joint. — I., Needle in Finger. — II., Needle in 
Foot.— III., Revolver Bullet in Calf and Leg.— IV., A Method of Localisation.— V , Stellate 
Fracture of Patella showing shadow of "Strapping". — VI., Sarcoma. — VII., Six-weeks-old 
Injury to Elbow showing new Growth of Bone. — VIII., Old Fracture of Tibia and Fibula 
badly set. — IX., Heart Shadow. — X., Fractured Femur showing Grain of Splint. — XL. Bar- 
ren's Method of Localisation. 

India-- Rubber and Gutta Percha. 

INDIA-RUBBER AND GUTTA PERCHA. Second 

Edition, Revised and Enlarged. Based on the French work of 
T. Seeliomann, G. Lamy Torvilhon and H. Falconnet by John 
Geddes McIntosh. Royal 8vo. [In the press. 

Contents. 

India- Rubber — Botanical Origin — Climatology — Soil — Rational Culture and Acclimation 
of the Different Species of India-Rubber Plants — Methods of Obtaining the Latex — Methods 
of Preparing Raw or Crude India-Rubber — Classification of the Commercial Species of 
Raw Rubber — Physical and Chemical Properties of the Latex and of India-Rubber — 
Mechanical Transformation of Natural Caoutchouc into Washed or Normal Caoutchouc 
(Purification) and Normal Rubber into Masticated Rubber — Softening, Cutting, Washing, 
Drying — Preliminary Observations — Vulcanisation of Normal Rubber — Chemical and Physical 
Properties of Vulcanised Rubber — General Considerations — Hardened Rubber or Ebonite — 
Considerations on Mineralisation and other Mixtures — Coloration and Dyeing — Analysis 
of Natural or Normal Rubber and Vulcanised Rubber — Rubber Substitutes — Imitation Rubber. 

Qutta Percha— Botanical Origin — Climatology — Soil— Rational Culture — Methods of 
Collection— Classification of the Different Species of Commercial Gutta Percha — Physical 
and Chemical Properties — Mechanical Transformation — Methods of Analysing — Gutta Percha 
Substitutes — Index. 

Leather Trades. 

PRACTICAL TREATISE ON THE LEATHER IN- 

DUSTRY. By A. M. Villon. Translated by Frank T. 
Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected by an Emi- 
nent Member of the Trade. 500 pp., royal 8vo. 123 Illustrations. 
Price 21s. net. (Post free, 21s. 6d. home; 22s. 6d. abroad.) 

Contents. 

Prrface — ^Translator's Preface — List of Illustrations. 

Part I., Materials used In Tanning^— Skins : Skin and its Structure; Skins used in 
Tanning; Various Skins and their Uses — Tannin and Tanning Substances: Tannin; Barks 
(Oak); Barks other than Oak; Tanning Woods ; Tannin-bearing Leaves; Excrescences: 
Tan-bearing Fruits; Tan-bearing Roots and Bulbs; Tanning Juices; Tanning Substances 
used in Various Countries ; Tannin Extracts ; Estimation of Tannin and Tannin Principles. 

Part II., Tannins^ — The Installation of a Tannery: Tan Furnaces; Chimneys, Boilers, 
etc.; Steam Engines — Grinding and Trituration of Tanning Substances: Cutting up Bark; 
Grinding Bark; The Grinding of Tan Woods; Powdering Fruit, Galls and Grains; Notes on 
the Grinding of Bark — Manufacture of Sole Leather: Soaking; Sweating and Unhairing; 
Plumping and Colouring; Handling; Tanning; Tanning Elephants* Hides; Drying; 
Striking or Pinning — Manufacture of Dressing Leather: Soaking; Depilation; New Pro- 
cesses For the Depilation of Skins; Tanning; Cow Hides; Horse Hides; Goat Skins; Manu- 
facture of Split Hides — On Various Methods of Tanning: Mechanical Methods; Physical 
Methods; Chemical Methods; Tanning with Extracts — Quantity and Quality; Quantity 
Net Cost ; Quality of Leather — Various Manipulations of Tanned Leather : Second Tanning; 
Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tanned Leatle 
Preservation of Leather — Tanning Various Skins. 
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Part III., Ctin^ns^ — Waxed Calf: Preparation; Shaving; Stretching or Slickir;g ; 
Oiling the Grain ; Oiling the Flesh Side ; Whitening and Graining ; Waxing ; Finishing ; Dry 
Finishing; Finishing in Colour; Cost — White Calf: Finishing in White — Cow Hide for 
Upper lathers: Black Cow Hide; White Cow Hide; Coloured Cow Hide — Smooth Cow- 
Hide — Black Leather — Miscellaneous Hides: Horse; Goat; Waxed Goat Skin; Matt G«at 
Skin — Russia Leather: Russia Leather; Artificial Russia Leather. 

Part IV., Enamelled, Hung^ary and Chamoy Leather, Morocco, Parchment, Purs 
and Artificial Leather— Enamelled Leather: Varnish Manufacture; Application of Ihe 
Enamel; Enamelling in Colour — Hungary Leather: Preliminary; Wet Work or Prepaia- 
tion; Aluming; Dressing or Loft Work; Tallowing; Hungary Leather from Various Hide» 
— Tawing : Preparatory Operations ; Dressing ; Dyemg Tawed Skins ; Rugs — Chamoy Leather 
— Morocco : Preliminary Operations , Morocco Tanning ; Mordants used in Morocco Mann* 
facture; Natural Colours used in Morocco Dyeing; Artificial Colours; Different Methods 
of Dveing; Dyeing with Natural Colours; Dyeing with Aniline Colours; Dyeing with 
Metallic Salts ; Leather Printing ; Finishing Morocco ; Shagreen ; Bronzed Leather — Gilding 
and Silvering: Gilding; Silvering; Nickel and Cobalt — Parchment — Furs and Furriery 
Preliminary Remarks; Indigenous Furs; Foreign Furs from Hot Countries; Foreign Purs 
from Cold Countries ; Furs from Birds* Skins ; Preparation of Furs ; Dressing ; Colouring ; 
Preparation of Birds' Skins ; Preservation of Furs — Artificial Leather : Leather made from 
Scraps ; Compressed Leather ; American Cloth ; Papier Md,ch6 ; Linoleum ; Artificial Leather. 

Part v., Leather Testing and the Theory of Tanning— Testing and Analysis of Leather ; 
Physical Testing of Tanned Leather; Chemical Analysis — The Theory of Tanning and the 
other Operations of the Leather and Skin Industry: Theory of Soaking; Theory of Un- 
hairing; Theory of Swelling; Theory of Handling; Theory of Tanning; Theory of the 
Action of Tannin on the Skin ; Theory of Hungar^r Leather Making ; Tneory of Tawing ; 
Theory of Chamoy Leather Making ; Theory of Mineral Tanning. 

Part VI., Uses of Leather — Machine Belts: Manufacture of Belting; Leather Chaio 
'Belts; Various Belts; Use of Belts — Boot and Shoe>making: Boots and Shoes; Laces — 
Saddlery : Composition of a Saddle ; Construction of a Saddle — Harness : The Pack Saddle ; 
Harness — Military Equipment — Glove Making — Carriage Building — Mechanical Uses. 

Appendix, The World's Commerce In Leather— Europe ; America; Asia; Africa; 
Australasia — Index. 

THE LEATHER WORKER S MANUAL. Being a Com- 

pendium of Practical Recipes and Working Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers. By H. C. Standaoe. Demy 8vo. 165 pp. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather — 
Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and 
Liquids, etc., etc. — Leather Grinders' Sundries — Currier's Seasonings, Blackmg Compounds^ 
Dressings, Finishes, Glosses, etc. — Dyes and Stains for Leather — Miscellaneous Information 
— Chrome Tannage — Index. 

{See '* Wood Products, Dtstillaies and Extracts,*' p. 29). 

Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OF PRACTICAL POTTING. Compiled 

by Experts, and Edited by Chas. F. Binns. Third Edition, Revised 
and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net. (Post free, 
17s. lOd. home; 18s. 3d. abroad.) 

Contents. 

Introduction. The Rise and Progress of the Potter's Art — Bodies. China and Porcelain 
Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, Earthenwares 
Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, Coloured 
Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, Body 
Stains, Coloured Dips — Qiazes. China Glazes, Ironstone Glazes, Earthenware Glazes^ 
Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours — Qold and 
Qold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured Bases, 
Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Plow Powders, Oils and Varnishes — Means and Mathods. Reclamation of Waste Gold^ 
The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold — Classification and 
Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets of 
the World, Time and Scale ot Firing, Weights of Potter's Material, Decorated Gooda 
Count — Comparative Loss of Weight of Clay^— Ground Felspar Calculations — The Conver- 
sion of Slop Body Recipes into Dry Weight — The Cost of Prepared Earthenware Clay- 
Forms and Tables. Articles of Apprenticeship, Manufacturer's Guide to Stocktaking, 
Table of Relative Values of Potter's Materials, Hourly Wages Table, Workman's Settling 
Table, Comparative Guide for Earthenware and China Manufacturers in the use of Slop Flint 
and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table for the 
Conversion of Metrical Weights and Measures on the Continent and South America — Index. 
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CERAMIC TECHNOLOGY : Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. 'Edited by Charles 
F. BiNNS. 100 pp. Demy 8vo. Price 12s. 6d. net. (Post free, 
12s. lOd. home; Ids. abroad.) 

Contents. 

Preface — ^The Chemistry of Pottery — Anailysis and Synthesis — Clays and their Com- 
ponents — The Biscuit Oven — Pyrometry — Glazes and their Composition — Colours and 
Colour-making — Index. 

A TREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Emile 
BouRRY. Translated from the French by Wilton P. Rix, Examiner 
in Pottery and Porcelain to the City and Guilds of London Technical 
. Institute, Potitcry Instructor to the Hanley School Board. Royal 
8vo. 760 pp. 323 Illustrations. Price 21s. net. (Post free, 22s. home ; 
24s. abroad.) 

Contents. 

Part I., General Pottery Methods. Definition and History. Definitions and Classifi- 
cation of Ceramic Products — Historic Summary of the Ceramic Art — Raw Materials of 
Bodies. Clays : Pure Clay and Natural Clays — Various Raw Materials : Analogous to Clay — ' 
Agglomerative and Agglutinative — Opening — Fusible — Refractory — Trials of Raw Materials 
— Plastic Bodies. Properties and Composition — Preparation of Raw Materials : Disaggrega- 
tion — Purification — Preparation of Bodies : By Plastic Method — By Dry Method — By Liquid 
Method — Formation. Processes of Formation : Throwing — Expression — Moulding by Hand- 
on the Jolley, by Compression, by Slip Casting — Slapping — Slipping — Drymg. Drying of 
Bodies — Processes of Drying : By Evaporation — By Aeration — By Heating — By Ventilation 
— By Absorption — Glazes. Composition and Properties — Raw Materials — Manufacture 
and Application — Firing. Properties of the Bodies and Glazes during Firing — Description 
of the Kilns — Working of the Kilns — Decoration. Colouring Materials — Processes of 
Decoration. 

Part n., Special Pottery Methods. Terra Cottas. Classification: Plain Ordinary, , 
Hollow, Ornamental, Vitrified, and Light Bricks — Ordinary and Black Tiles — Paving Tiles — 
Pipes — Architectural Terra Cottas — Vases, Statues and Decorative Objects — Common Pottery 
— Pottery for Water and Filters— Tobacco Pipes — Lustre Ware — Properties and Tests for 
Terra Cottas — Fireclay Goods. Classification : Argillaceous, Aluminous, Carboniferous, 
Silicious and Basic Fireclay Goods — Fireclay Mortar (Pug) — ^Tests for Fireclay Goods — 
Faiences. Varnished Faiences — Enamelled Fafences — Silicious Faiences — Pipeclay Faiences 
— Pebble Work — Feldspathic Faiences — Composition, Processes of Manufacture and General 
Arrangements of Faience Potteries — Stoneware. Stoneware Properly So-called: Paving 
Tiles— Pipes — Sanitary Ware — Stoneware for Food Purposes and Chemical Productions — 
Architectural Stoneware — Vases, Statues and other Decorative Objects — Fine Stoneware 
— Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, for Electrical 
Conduits, for Mechanical Purposes ; Architectural Porcelain, and Dull or Biscuit Porcelain — 
Soft Phosphated or English Porcelain — Soft Vitreous Porcelain, French and New Sevres- 
Argillaceous Soft or Seger's Porcelain — Dull Soft or Parian Porcelain — Dull Feldspathic 
Soft Porcelain — index. 

POTTERY DECORATING. A Description of all the Pro- 

cesses for Decorating Pottery and Porcelain. By R. Hainbach. 
Translated from the German. Crown 8vo. 250 pp. Twenty-two 
Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

f Glazes and Bngfobes. — Glazes and Their Composition — 'Glaze Materials — The Prepara- 
tion of Olazbs — Coloured Glazes — Bngobes and Glazes for same — Porcelain Glazes. Ceramic 
Colours. — Preparation of Pure Colours — Underglaze Colours — Applying the Colours on 
Earthenware — Glost Fire Colours — Muffle Colours — Decorating Porcelain with Metals — 
Decorating Porcelain by Electroplating — Lustre Decorating on Porcelain — Firing Muffle 
Colours — Imitation of Paintings on Porcelain — Index. 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon Lef6vre. 
Translated from the French by K. H. Bird, M.A., and W. Moore 
BiNNS. With Five Plates. 950 Illustrations in the Text, and numerous 
estimates. 500 pp., royal 8vo. Price 158. net. (Post free, ISs. 6d. 
home ; 16s. 6d. abroad.) 

Contents. 
Part I. Plain Undecorated Pottery.— Clays, Bricks, Tiles, Pipes, Chimney Flues, 
Terra-cotta. 

Part II. Made-up or Decorated Pottery. 
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THB ART OF RIVETING GLASS, CHINA ANI 
BARTHBNWARE. By J. Howarth. Second Edition 
Paper Cover. Price Is. net. (By post, home or abroad, Is. Id.) 

NOTES ON POTTERY CLAYS. The Distribution, Pro 
perties, Uses and Analyses of Ball Clays, China Clays and Chins 
Stone. By J as. Fairib, F.G.S. 132 pp. Crown 8vo. Price 3s. 6d. 
net. (Post free, 3s. 9d. home ; 3s. lOd. abroad.) 

A ReiBSue of 
THE HISTORY OF THE STAFFORDSHIRE POTTER- 
IES ; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Bminent Pot- 
ters. By Simeon Shaw. (Original^ Published in 1829.) 265 pp. 
Demy Svo. Price 5s. net. (Post free, ^. 4d. home ; 5s. 9d. abroad.) 

Contents. 

Introductory Chapter showing the position of the Pottery Trade at the present time 
(1899)— Preliminary Remarks— The Potteries, comprising Tunstall, Brownhills, Green- 
field and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Longport and Dale Hall, 
Hot Lane and Cobridge, Hanley and Shekon, Btruria, Stoke, Penkhull, Fenton, Lane I>elph, 
Foley, Lane End — On the Origin of the Art, and its Practice among the early Nations- 
Manufacture of Pottery, prior to 1700— The Introduction of Red Porcelain by Messrs. 
Biers, of Brad well, 1690— Profljess of the Manufacture from 1700 to Mr. ^Vedgwood's 
commencement in 1760 — Introduction of Fluid Qlaze — Extension of the Manufacture of 
Cream Colour — Mr. Wedgwood's Queen's Ware — Jasper, and Appointment of Potter to Her 
Majesty — Black Printing — Introduction of Porcelain. Mr. W. Littler's Porcelain — Mr. 
Cookworthy's Discovery of Kaolin and Petuntse, and Patent — Sold to Mr. Chan:pion — re- 
sold to the New Hall Com. — Extension of Term — Blue Printed Pottery. Mr. Turner, Mr. 
Spode (1), Mr. Baddeley, Mr. Spode (2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton— 
Great Change in Patterns of Blue Printed — Introduction of Lustre Pottery. Improve- 
ments in Pottery and Porcelain subsequent to 1800. 

A Reissue of 
THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 

(Originally published in 1837.) 750 pp. Royal Svo. PricelOs.net. (Post 
free, 10s. 6d. home ; I2s. abroad.) 

Glassware, Glass Staining and 

Painting. 

RECIPES FOR FLINT GLASS MAKING. By a British 

Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Second Edition. Crown Svo. Price 10s. 6d. net. 
(Post free, 10s. 9d. home ; 10s. lOd. abroad.) 

Contents. 

Ruby — Ruby from Copper — Flint for using with the Ruby for Coating — A German Metal- 
Cornelian, or Alabaster — Sapphire Blue — Crysophis — Opal — Turquoise Blue— Gold Colour- 
Dark Green — Green (common) — Green for Malachite — Blue for Malachite — Black for Mela- 
•hite — Black — Common Canary Batch — Canary — White Opaque Glass — Sealing-wax Red- 
Flint — Flint Glass (Crystal and Demi)— Achromatic Glass — Paste Glass— White Biuunel— 
Firestone— Dead White (for moons) — White Agate — Canary — Canary Enamel — Index. 
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A TREATISE ON THE ART OF GLASS PAINTING. 

Prefeiced with a Review of Ancient Glass. By Ernest R. Suppling^ 
, With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

A Short History of Stained Glass — Designing Scale Drawings — Cartoons and the Cut Line 
— Various Kinds of Glass Cutting for Windows — The Colours and Brushes used in Glass. 
Painting — Painting on Glass, Dispersed Patterns — Diapered Patterns — Aciding — Firing — 
Fret Lead Glazing — Index. 

PAINTING ON GLASS AND PORCELAIN AND 

ENAMEL PAINTING. A Complete Introduction to the 
Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours* and Enamels. By Felix Hermann, Technical Chemist. With 
Eighteen Illustrations. 300 pp. Translated from the German second 
and enlarged Edition. Price 10s. 6d. net. (Post free, 10s. lOd. home ;: 
lis. abroad.) 

Paper Making, Paper Dyeing, 

and Testing. 

THE DYEING OP PAPER PULP. A Practical Treatise for 

the use of Papermakers, Paperstainers, Students and others. By 
Julius Erfurt, Manager of a Paper Mill. Translated into English 
and Edited with Additions by Julius Hubner, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns Of paper dyed in the pulp. Royal 
8vo, 180 pp. Price 15s. net. (Post free, 15s. 6d. home ; 16s. 6d. abroad.). 

Contents. 
Behaviour of the Paper Fibres during: the Process of Dyeins:, Theory of the 
Mordant— Colour Fixingr Mediums (Mordants)— Influence of the Quality oi the Water 
Used—Inorsfanic Colours— Ors^anic Colours— Practical Application of the Coal Tar 
Colours accordinsr to their Properties and their Behaviour towards the Different 
Paper Fibres— Dyed Patterns on Various Pulp Mixtures— Dyeinsr to Shade— Index. 

THE PAPER MILL CHEMIST. By Henry P. Stevens, 
M.A., Ph.D., F.I.C. Royal 12mo. 60 Illustrations. 300 pp. Price 
7s. 6d. net. (Post free, 7s. 9d. home ; 7s. lOd. abroad.) 

Contents. 

Introduction. — Dealing with the Apparatus required in Chemical Work and Generat) 
Chemical Manipulation, introducing the subject of Qualitative and Quantitative Analysis. 
Fuels. — ^Analysis of Coal, Coke and other Fuels — Sampling and Testing for Moisture, Ash, 
Calorific Value, etc. — Comparative Heating Value of different Fuels and Relative Efficiency.. 
Water. — Analysis for Steam Raising and for Paper Making Purposes generally — Water 
Softening and Purification — A List of the more important Water Softening Plant, giving 
Power required, Weight, Space Occupied, Out-put and Approximate Cost. Raw Materials 
and Detection of Adulterants. — Analysis and Valuation of the more important Chemicals 
used in Paper Making, including Lime, Caustic Soda, Sodium Carbonate, Mineral Acids, 
Bleach Antichlor, Alum, Rosin and Rosin Size, Glue Gelatin and Casein, Starch, China Clay,. 
Blanc Fixe, Satin White and other Loading Materials, Mineral Colours and Aniline Dyes. 
Manufacturings Operations.— Rags and the Chemical Control of Rag Boiling — Esparto 
Boiling — Wood Boiling — ^Testing Spent Liquors and Recovered Ash — Experimental Tests 
with Raw Fibrous Materials — Boiling in Autoclaves — Bleaching and making up Hand Sheets- 
— Examination of Sulphite Liquors — Estimation of Moisture m Pulp and Half-stuff — Recom- 
mendations of the British Wood Pulp Association. Flnislied Products. — Paper ^'esting,. 
including Physical. Chemical and Microscopical Tests, Area, Weight, Thickness, Apparent 
Specific Gravity, Bulk or Air Space. Determination of Machine Direction, Thickness,. 
Strength, Stretch, Resistance to Crumpling and Friction, Transparency, Absorbency and 
other qualities of Blotting Papers — Determination of the Permeability of Filtering Papers — 
Detection and Estimation or Animal and Vegetable Size in Paper — Sizing Qualities of 
Paper — Fibrous Constituents — Microscopical Examination of Fibres — The Ef^ct of Beating, 
on Fibres — Staining Fibres — Mineral Matter — Ash — Qualitative and Quantitative Examina- 
tion of Mineral Matter — Examination of Coated Papers and Colouring Matters in Paper. 
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CONTENTS OF ''THE PAPER MILL CHEMIST "—co«^^. 

TablM> — English and Metrical Weights and Measures with EquivaIenta--Conversion mt 
Grams to Grains and vice versa — Equivalent Costs per lb., cwt., and ton — Decimal Equivalents 

-of lbs., qrs., and cwts. — Thermometric and Barometric Scales — Atomic Weights and Molecular 
Weights — Factors for Calculating the Percentage of Substance Sought from the Weight of 
Substance Found — Table of Solubilities of Substances Treated of in Paper Making — Specific 

•Gravity Tables of such substances as are used in Paper Making, including Sulphuric Acid, 
Hydrochloric Acid, Bleach, Milk of Lime, Caustic Soda, Carbonate of Soda, etc., giving 
Percentage Strength with Specific Gravity and Degrees Tw. — Hardness Table for Soap 

'Tests — Dew Point — Wet and Dry Bulb Tables — Properties of Saturated Steam, giving 
Temperature, Pressure and Volume — List of Different Machines used in the Paper Making 
Industry, giving Size, Weight. Space Occupied, Power to Drive, Out-put and Approximate 
Cost — Calculation of Moisture in Pulp— Rag-Boiling Tables, giving Percentages of Lime, 
Soda and Time required — Loss in Weight in Rags and other Raw Materials during Boiling 

.and Bleaching — Conditions of Buying and Selling as laid down by the Paper Makers' Associa- 
tion — ^Table of Names and Sizes of Papers — Table for ascertaining the Weight per Ream from 
the Weight per Sheet — Calculations of Areas and Volumes — Logarithms — Blank pages for 
Notes. 

THE TREATMENT OF PAPER FOR SPECIAL 

PURPOSES. By L. E. And6s. Translated from the 
German. Crown 8vo. 48 Illustrations. 250 pp. Price 6s. net. (Post 
free, 6s. 4d. home; 6<. 6d. abroad). 

Contents. 

I., Parchment Paper, Veg^etable Parchment.— The Parchment Paper Machine — 
'Opaque Supple Parchment Paper — Thick Parchment — Krugler's Parchment Paper and Parch- 
ment Slates — Double and Triple Osmotic Parchment — Utilising Waste Parchment Paper — 
Parchmented Linen and Cotton — Parchment Millboard — Imitation Horn and Ivory from 
Parchment Paper — Imitation Parchment Paper — Artificial Parchment — Testing the Sulphuric 
Acid. II., Papers for Transfer Pictures. III., Papers for Preservative and Packing- 
Puf poses. — Butter Paper — Wax Paper — Paraffin Paper — Wrapping Paper for Silverware — 
Waterproof Paper — Anticorrosive Paper. IV., Grained Transfer Papers. V.« Fireproof and 
Antifalsification Papers. VI., Paper Articles. — Vulcanised Paper Machd — Paper Bottles — 
Plastic Articles of Paper — Waterproof Coverings for Walls and Ceilings — Paper Wheels, 
Roofing and Boats — Pat er Barrels — Paper Boxes — Paper Horseshoes. VII., Gummed Paper 
VIII., Hectograph Papers. IX., Insecticide Papers^— Fly Papers— Moth Papers. X., 
Chalk and Leather Papers. — Glac6 Chalk Paper — Leather Paper — Imitation Leather. 
XI., Luminous Papers — Blue-Print Papers — Blotting Papers. XII., Metal Papers — Medi- 
cated Papers. XIII., Marbled Papers. XIV., Tracing and Copying Papers — Iridiscent or 
Mother of Pearl Papers. XV., Photographic Papers — Shellac Paper — Fumigating Papers — 
Test Papers. XVI., Papers for Cleaning: and Polishine Purposes— Glass Paper— 
Pumic Paper — Emery Paper. XVII., Lithographic Transfer Papers. XIX., Sundry 
.Special Papers— Satm Paper — Enamel Paper — Cork Paper — Split Paper — Electric Paper — 
Paper Matches — Magic Pictures — Laundry Blue Papers — Blue Paper for Bleachers. XX., 
Waterproof Papers — Washable Drawing Papers — Washable Card — Washable Coloured Paper 
— Waterproof Millboard — Sugar Paper. XXI., The Characteristics of Paper — Paper Testing. 

Enamelling on Metal. 

ENAMELS AND ENAMELLING. For Enamel Makers, 
Workers in Gold and Silver, and Manufacturers of Objects of Art. 
By Paul Randau. Translated from the German. With Sixteen Illus- 
trations. Demy 8vo. 180 pp. Price 10s. 6d. net. (Post free, 10s. lOd. 
home; lis. abroad.) 

THE ART OF ENAMELLING ON METAL. By W. 

Norman Brown. Twenty-eight illustrations. Crown Svo. 60 pp. 
Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.) 

Silk Manufacture. 

;SILK THROWING AND WASTE SILK SPINNING. 

By HoLLiNS Rayner. Demy Svo. 170 pp. 117 lUus. Price 5s. net. 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

The Silkworm — Cocoon Reeling and Qualities of Silk— Silk Throwing— Silk Wastes— The 

^Preparation of Silk Waste for Degumming — Silk Waste Degumming, Schapping and Dis- 

charging — The Opening and Dressing of Wastes — Silk Waste " Drawing " or " Preparing " 

Machinery — Long Spinning — Short Spinning — Spinning and Finishing Processes— Utilisatioa 

•of Waste Products — Noil Spinning — Exhaust Noil Spinning. 
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Books on Textile and Dyeing 

Subjects. 

THE CHEMICAL TECHNOLOGY OF TEXTILE^ 

FIBRES: Their Origin, Structure, Preparation, Washing,.. 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 
Georgievics. Translated from the German by Charles Salter. 
320 pp. Forty-seven Illustrations. Royal 8vo. Price 10s. 6d. net.. 
(Post free, lis. home ; lis. 3d. abroad.) 

Contents. 
The Textile Fibres— Washinsr. Bleacliinsr, Carbonising:— Mordants and Mor-- 
danting-— Dyeing:- Printing:— Dressing: and Finistiing. 

POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. Translated 
from the German of Anthon Gruner. With Twenty-Six Diagrams- 
in Colours. 150 pp. Crown 8vo. Price 7s. 6d. net. (Post free, 
7s. 9d. home ; 8s. abroad.) 

Contents. 

Power- LrOom Weaving: in General. Various Systems of Looms— Mounting and 
Starting the Power- Loom. English Looms — ^Tappet or Treadle Looms — Dobbies — 
Qenenu Remarlcson the Numbering, Reeling and Packing of Yarn— Appendix— Useful' 
Hints. Calculating Warps — Weft Calculations — Calculations of Cost Price in Hanks. 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 

Materials and the Technology of the Spinning Process.) By Julius- 
ZiPSER. Translated from German by Charles Salter. 302 Illus- 
trations. 500 pp. Demy 8vo. Price 10s. 6d. net. (Post free, lis. 
home; lis. 6d. abroad.) 

Contents. 
PART 1.— The Raw Materials Used in the Textile Industry. 
Mineral Raw Materials. Vegetable Raw Materials. Animal Raw Materials.. 
PART II.— The Technology of Spinning: or the Conversion of Textile Raw 

Materials into Yarn. 
Spinning Vboetablb Raw Materials. Cotton Spinning — Installation of a Cotton 
Mill — Spinning Wa«te Cotton and Waste Cotton Yarns — Flax Spinning — Fine Spinning — Tow 
Spinning — Hemp Spinning — Spinning Hemp Tow String — Jute Spinnmg — Spinning Jute Line- 
Yam — Utilising Jute Waste. 

PART III.— Spinning Animal Raw Materials. 
Spinning Carded Woollen Yarn — Finishing Yarn — Worsted Spinning — Finishing Worsted 
Yam — Artificial Wool or Shoddy Spinning — Shoddy and Mungo Manufacture — Spinning. 
Shoddy and other Wool Substitutes — Spinning Waste Silk— Chappe Silk — Fine Spinning — 
Index. 

GRAMMAR OP TEXTILE DESIGN. By H. Nisbet, 

Weaving and Designing Master, Bolton Municipal Teciinical School.. 
Demy 8vo. 280 pp. 490 Illustrations and Diagrams. Price 6s. net. 
(Post free, 6s. 4d. home ; 6s. 6d. abroad.) 

Contents. 

Chapter I., Introduction. — General Principle of Fabric Structure and the use of Design 
Paper. 

Chapter II., The Plain Weave and its Modifications. — The Plain, Calico, or 
Tabby Weave. — Firmness of Texture— Variety of Texture— Variety of Form : Rinbed Fabrics- 
— Corded Fabrics — Matt Weaves. 

Chapter III., Twill and Kindred Weaves. — Classification of Twill Weaves.— i. Con>^ 
tlnuous Twills— (a) Warp-face Tunlls—(b) WefUface Twills— {c) Warp and Weft-face Twills— 
The Angle of Twill — Influences affecting the Prominence of Twills and Kindred Weaves (a) 
Character of Weave, (6) Character of Yarn^ (c) Number of Threads per Inch, (d) Direction of 
Twill in Relation to the Direction of Twist in Yarn— 2, Zigzag or Wavy Twills — 3. Re- 
arranged Twills : Satin Weaves— Table of Intervals of Selection for the Construction of 
Satin Weaver-Corkscrew Twills — Rearrangement of Twill Weaves on Satin and other 
Bases— 4. Combined Twills— 5. Broken Twills— 6. Figured or Ornamented Twills. 

Chapter IV., Diamond and Kindred Weaves, — Uiamond Weaves. — Honeycomb and 
Kindred Weaves — Brighton Weaves — Sponge Weaves — Huck-a*Back and Kindred Weaves — 
Grecian Weaves — Linear Zigzag Weaves. 

Chapter V., Bedford Cords. — Plain Calico-ribbed Bedford Cords — Plain Twill-ribbed 
Bedford Cords — Figured Bedford Cords — Tabulated Data of Particulars relating to the Manu-- 
facture of Seventeen Varieties of Bedford Cord Fabrics described in this Chapter. 

[Continued on next pag ^ 
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CONTENTS OF ** GRAMMAR OF TEXTILE DESIGN" — 

continued. 

Chapter VI., Backed Fabrics. — Weft-backed Fabrics — Warp-backed Fabrics — Reversible 
or Double-faced Fabrics. 

Chapter VII., Fustians. — Varieties of Fustians. — Imperials or Swansdowns — Cantoons 
■or Diagonals — Moleskins — Beaverteens — Velveteens and Velveteen Cutting — Ribbed or 
Corded Velveteen — Figured Velveteen — Corduroy — Figured Corduroy — Corduroy Cutting 
Machines. 

Chapter VIII., Terry Pile Fabrics. — Meth-ds of producing Terry Pile on Textile Fab- 
rics — Terry-forming Devices — Varieties of Terry Fabrics — Action of the Reed in Relation to 
Shedding — Figured Terry Weaving — Practical Details of Terry Weaving. 

Chapter IX.. Gauze and Lend Fabrics.— Gauze, Net Leno, and Leno Brocade 
Varieties of Cross- Weavlnsr* — Plain Oauze, and a Heald Gauze or Leno Harness-^Net 
Leno Fabrics — Gauze and Net Leno Figuring by means of several Back Standard Healds to 
•each Doup Heald — Leno Speclalltleb produced by a System of Crossing: Warp Ends In 
front of the Reed — A Device for the Production of Special Leno Effects — Full Cross Leno 
Fabrics — Relative Merits of a Top and a Bottom Doup Harness — Relative Merits of Different 
Types of J)obbies for Gauze and Leno Fabrics— Shaking Devices for Leno Weaving — Practical 
Details of Leno Weaving— Tempered Steel-wire Doup Harnesses for Cross-weavlngr— 
Mock or Imitation Leno Fabrics. 

Chapter X., TissuE, Lappet, and Swivel Figuring; also Ondulk Effects, and 
Looped Fabrics. — Tissue PISTUrlng — Madras Muslin Curtains — Lappet Figuring — Spot 
Lappet Figuring— Swivel Figuring— Woven OnduU Effects— Loom for Weaving Ondulk 
Effects— Weft Ondulk Effects— Looped Fabrics.- Index. 

ART NEEDLEWORK AND DESIGN. POINT LACE. A 

Manual of Applied Art for Secondary Schools and Continuation Classes. 
By M. E. Wilkinson. Oblong quarto. With 22 Plates. Bound in 
Ar^ Linen. Price 3s. 6d. net. (Post free, 3s. lOd. home; 4s. abroad.) 

Contents. 

Sampler of Lace Stitches — Directions for working Point Lace, tracing^ Patterns, etc. — 
List of Mlaterials and Implements required for working. Plates L, Simple Lines, Straight and 
Slanting, and Designs formed from them. II., Patterns formed from Lines in previous 
Lesson. III., Patterns formed from Lines in previous Lesson. IV., Simple Curves, and 
Designs formed from them. V., Simple Leaf form, and Designs, formed from it. VI., Ele- 
mentary Geometrical forms, with Definitions. VII., Exercises on previous Lessons. VIII., 
Filling of a Square, Oblong and Circle with Lace Stitches. IX., Design for Tie End, based 
•on simple Leaf form. X., Lace Butterflies (Freehand). XI.. Twenty simple Designs evolved 
from Honiton Braid Leaf. XII., Design for Lace Handkerchief, based on previous Lesson. 
XIII., Design for Tea-cosy. XIV., Freehand Lace Collar. XV., Freehand Lace Cuff (to 
match). XVI., Application of Spray from Lesson XI. XVII., Adaptation of Curves within 
a Square, for Lace Cushion Centre. XVIII., Conventional Sprav for corner of Tea-cloth. 
XIX., Geometrical form for Rosebowl D'Oyley, to be originally filled in. XX., Geometrical 
form for Flower-vase D'Oyley, to be originally filled in. Bach Lesson contains Instructions 
for Working, and application of new Stitches Irom Sampler. 

HOME LACE-MAKING. A Handbook for Teachers and 

Pupils. By M. E. W. Milroy. Crown 8vo. 64 pp. With 3 Plates 
and 9 Diagrams. Price Is. net. (Post free, Is. 3d. home; Is. 4d. 
abroad.) 

THE CHEMISTRY OF HAT MANUFACTURING. Lec- 
tures delivered before the Hat Manufacturers' Association. By Wat- 
son Smith, F.C.S., F.I.C. Revised and Edited by Albert Shonk. 
Crown 8vo. 132 pp. 16 Illustrations. Price 7s. 6d. net. (Post free, 
7s. 9d. home ; 7s. lOd. abroad.) 

THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzpeld. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. Price 10s. 6d. 
nef. (Post free, 10s. lOd. home ; lis. abroad.) 

DECORATIVE AND FANCY TEXTILE FABRICS. 

By R. T. Lord. For Manufacturers and Designers of Carpets, Damask, 
Dress and all Textile Fabrics. 200 pp. Demy 8vo. 132 Designs and 
Illustrations. Price7s.6d.net. (Post free, 7s. lOd. home; 8s. abroad.") 

THEORY AND PRACTICE OF DAMASK WEAVING. 

By H. KiNZER and K. Walter. Royal 8vo. Eighteen Folding Plates. 
Six Illustrations. Translated from tne German. 110 pp. Price 8s. 6d. 
net. (Post free, 9s. home ; 9s. 6d. abroad.) 
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TEXTILE BOOKS— continued. 
Contents. 

The Various Sorts of Damask Fabrics— Drill (Ticking, Handloom-made)— Whole 
Damask for Tablecloths — Damask with Ground- and Connecting-warp Threads — Furniture 
Dama&k— Lampas or Hangings — Church Damasks— The Manufacture of Whole Damask 
— Damask Arrangement with and without Cross-Shedding— The Altered Cone-arrangement — 
The Principle of the Comer Lifting Cord — The Roller Principle — The Combination of the 
Jacquard with the so-called Damask Machine — ^The Special Damask Machine — The Combina- 
tion of Two Tyings. 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicolas 

Reiser. Translated from the Second German Edition. Crown 8vo. 
Sixty-three Illustrations. 170 pp. Price 5s. net. (Post free, 5s. 4d. 
home ; 5s. 6d. abroad.) 

Contents. 

Improperly Chosen Raw Material or Improper Mixtures — Wrong Treatment of the 
Material in Washing, Carbonisation, Drying, Dyeing and Spinning — Improper Spacing of the 
Goods in the Loom — Wrong Placing of Colours — Wrong Weight or Width of the Goods 
— Breaking of Warp and Weft Threads — Presence of Doubles, Singles, Thick, Loose, 
and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like — Errors in 
Cross-weaving — Inequalities, i.e.. Bands and Stripes — Dirty Borders — Defective Selvedges — 
Holes and Buttons — Rubbed Places — Creases — Spots — Loose and Bad Colours — Badly Dyed 
Selvedges — Hard Goods — Brittle Goods — Uneven Goods — Removal of Bands, Stripes, 
Creases and Spots. 

SPINNING AND WEAVING CALCULATIONS, especially 

relating to Woollens. From the German of N. Reiser. Thirty-four 
Illustrations. Tables. 160 pp. Demy 8vo. 1904. Price 10s. 6d. net. 
(Post free, 10s. lOd. home; lis. abroad.) 

Contents. 

Calculating the Raw Material — Proportion of Different Grades of Wool to Furnish a 
Mixture at a Given Price — Quantity to Produce a Given Length — Yarn Calculations — ^Yarn 
Number — Working Calculations — Calculating the Reed Count — Cost of Weaving, etc. 

WATERPROOFING OP FABRICS. By Dr. S. Mierzinski. 

Crown 8vo. 104 pp. 29 Illus. Price 5s. net. (Post free, 5s. 3d. home ; 
5s. 4d. abroad.) 

Contents. 

Introduction — Preliminary Treatment of the Fabric — Waterproofing with Acetate of 
Alumina — Impregnation of the Fabric — Drying — Waterproofing with Paraffin — Waterproofing 
with Ammonium Cuprate — Waterproofing with Metallic Oxides — Coloured Waterproof 
Fabrics — Waterproofing with Gelatine, Tannin, Caseinate of Lime and other Bodies — Manu- 
facture of Tarpaulin — British Waterproofing Patents — Index. 

HOW TO MAKE A WOOLLEN MILL PAY. By John 

Mackie. Crown 8vo. 76 pp. Price 3s. 6d. net. (Post free, 3s. 9d. 
home ; 3s. lOd. abroad.) 

Contents. 

Blends, Piles, or Mixtures of Clean Scoured Wools — Dyed Wool Book — The Order Book 
— Pattern Duplicate Books — Management and Oversight — Constant Inspection of Mill De- 
partments — Importance of Delivering Goods to Time, Shade, Strength, etc. — Plums. 

(For ** Textile Soaps and Oils " see p. y.) 

Dyeing, Colour Printing, 
Matching and Dye-stuffs. 

THE COLOUR PRINTING OP CARPET YARNS. Manual 

for Colour Chemists and Textile Printers. By David Paterson, 
F.C.S. Seventeen Illustrations. 136 pp. Demy 8vo. Price 7s. 6d. 
net. (Post free, 7s. lOd. home; 8s. abroad.) 

Contents. 

Structure and Constitution of Wool Fibre — Yarn Scouring — Scouring Materials — Water for 
Scouring — Bleaching Carpet Yarns — Colour Making for Yarn Printing — Colour Printing 
Pastes — Colour Recipes for Yarn Printing — Science of Colour Mixing — Matching of Colours 
— "Hank" Printing — Printing Tapestry Carpet Yarns — Yarn Printing — Steaming Printed 
Yarns— Washing of Steamed Yarns — Aniline Colours Suitable for Yarn Printing — Crlossary of 
Dyes and Dye-wares used in Wood Yarn Printing — Appendix. 
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THE SCIENCE OP COLOUR MIXING. A Manual in- 

tended for the use of layers, Calico Printers and Colour Chemists. By 
David Paterson, P.C.S. Forty-one Illustrations, Five Coloured Plates, 

and Four Plates showlngr Eleven Dyed Specimens of Fabrics. 132 

pp. Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s^ 
abroad.) 

Contents. 

Colour a Sensation ; Colours of Illuminated Bodies ; Colours of Opaque and Transparent^ 
Bodies; Surface Colour — Analysis of Light; Spectrum; Homogeneous Colours; Ready 
Method of Obtaining a Spectrum — Examination of Solar Spectrum ; The Spectroscope and^ 
Its Construction ; Colourists' Use of the Spectroscope — Colour by Absorption ; Solutions and 
Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight — Colour Primaries of the Scientist 
versus the Dyer and Artist; Colour Mixing by Rotation and Lye Dyeing; Hue, Purity ». 
Brightness ; Tints ; Shades, Scales, Tones, Sad and Sombre Colours — Colour Mixing ; Pure- 
and Impure Greens, Orange and Violets; Large Variety of Shades from few Colours; Con- 
sideration of the Practical Primaries : Red, Yellow and Blue — Secondary Colours ; Nomen- 
clature of Violet and Purple Group ; Tints and Shades of Violet ; Changes in Artificial Light 
— ^Tertiary Shades ; Broken Hues; Absorption Spectra of Tertiary Shades — Appendix: Four- 
Plates with Dyed Specimens Illustrating Text — Index. 

DYERS* MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Paul Hberman, Ph.D^ 
Translated from the German by A. C. Wright, M.A. (Oxon.), B.Sc> 
. (Lond.). Twenty-four Illustrations. Crown 8vo. 150 pp. Price 5s.. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens Of Dyed 
Fabrics. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. abroad.) 

Contents. 

Colour Vision and Structure of the Eye — Perception of Colour — Primary and Comple- 
mentary Colour Sensations — Daylight for Colour Matching — Selection of a Good Pure Light 
—Diffused Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight, etc.. etc.— 
Matching of Hues — Purity and Luminosity of Colours — Matching Bright Hues — Aid of Tinted 
Films — Matching DiflBculties Arising from Contrast — Examination of Colours by Reflected 
and Transmitted Lights — Effect of Lustre and Transparency of Fibres in Colour Matching. 
— Matching of Colours on Velvet Pile — Optical Properties of Dye-stufife, Dichroism, Fluor- 
escence — Use of Tinted Mediums— Orange Film — Defects of the Eye — Yellowing of the Lens 
— Colour Blindness, etc. — Matching of Dved Silk Trimmings and Linings and Bindings — Its- 
Difficulties — Behaviour of Shades in Artificial Li^ht — Colour Matching of Old Fabrics, etc. — 
Examination of Dyed Colours under the Artificial Lights — Electric Arc, Magnesium and Dufton,. 
Gardner Lights, Welsbach, Acetylene, etc. — Testing Qualities of an Illuminant — Influence 
of the Absorption Spectrum in Changes of Hue under the Artificial Lights — Study of the 
Causes of Abnormal Modifications of Hue, etc, 

COLOUR: A HANDBOOK OP THE THEORY OP 
COLOUR. By George H. Hurst, F.C.S. With Tef» 

Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Colour and Its Production— Cause of Colour in Coloured Bodies— Colour Pheno* 
mcna and Theories— The Physioloipy of Liffht— Contrast— Colour in Decoration an<t 
Desififn- Measurement of Colour. 

*13 £%^ Ami A f^"^ 

THE ART OP DYEING WOOL, SILK AND COTTON. 

Translated from the French of M. Hellot, M. Macquer and M. lk 
PiLEUR D'Apligny. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. Price 5s. net. (Post free, 5s. 6d. home; 6s* 
abroad.) 

Contents. 

Part I., The Art of Dyeinsr Wool and Woollen Cloth, Stuffs, Yam, Worsted, etc. 
Part H., The Art of Dyelnff Silk. Part HI., The Art of Dyeinff Cotton and Lineii 
Thread, toj^ether with the Method of Stamping 5ilks, Cottons, etc. 
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THE CHEMISTRY OF DYE-STUPPS. By Dr. Georg Von 

Georgibvics. Translated from the Second German Edition. 412 pp. 
Demy 8vo. Price 10s. 6d. net. (Post free, lis. home ; lis. 6d. abroad.) 

Contents. 

Introduction— Coal Tar — Intermediate Products in the Manufacture of Dye-stuffs — The 



Artificial Dye-stuffs (Coal-tar Dyes) — Nitroso Dye-stuffs — Nitro Dye-stuffs — Azo Dye-stuffs — 
Substantive Cotton Dye-stufib — Azoxysti Ibene Dye-stufib — Hydrazones — Ketoneimides — 
Triphenylmethane Dye-stuffs — Rosolic Acid Dye-stum— Xanthene Dye-stuffs — Xanthone Dye- 



stuffs — Plavones — Oxyketone Dye-stuffis— Quinoline and Acridine Dye-stuffs— Quinonimide 
■or Diphenylamine Dye-stuffs — The Azine Group: Eurhodines, Safranines and Indulines — 
Burhodines — Safranines — Quinoxalines — Indigo — Dye-stuffs of Unknown Constitution — 
Sulphur or Sulphine Dye-stuflb — Development of the Artificial Dye-stuff Industry — ^The 
Natural Dye-stuffs — Mineral Colours — Index. 

THE DYEING OP COTTON FABRICS. A Practical 
Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

Contents. 

Structure and Chemistry of the Cotton Fibre — Scouring and Bleaching of Cotton — D^reing 
Machinet^ and Dyeing Manipulations — Principles and Practice of Cotton Dyeing — Direct 
Dyeing ; Direct Dyeing followed by Fixation with Metallic Salts ; Direct Dyeing followed by 
Fixation with Developers ; Direct Dyeing followed by Fixation with Couplers ; Dyeing on 
Tannic Mordant; Dyeing on Metallic Mordant; Production of Colour Direct upon Cotton 
Fibres ; Dyeing Cotton by Impregnation with Dye-stuff Solution — Dyeing Union (Mixed Cotton 
and Wool) Fabrics— Dyeing Half Silk (Cotton-Silk, Satin) Fabrics— Operations following 
Dyeing — Washing, Soaping, Drying — Testing of the Colour of Dyed Fabrics — Experimental 
Dyeing and Comparative Dye Testing — Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
great range of colours. 

THE DYEING OP WOOLLEN FABRICS. By Franklin 

Beech, Practical Colourist and Chemist. , Thirty-three Illustrations. 
Demy 8vo. 228 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 
8s. abroad.) 

Contents. 

The Wool Fibre — Structure, Composition and Properties — Processes Preparatory to Dyeing 
— Scouring and Bleaching of Wool — Dyeing Machinery and Dyeing Manipulations — Loose 
Wool Dyeing, Yarn Dyeing and Piece Dyeing Machinery — The Principles and Practice of 
Wool Dyeing — Properties of Wool Dyeing — Methods of Wool Dyeing — Groups of Dyes — 
Dyeing w^ith the Direct Dyes — Dyeing with Basic Dyes — Dyeing with Acid Dyes — Dyeing 
with Mordant Dyes — Level Dyeing — Blacks on Wool — Keds on Wool — Mordanting of Wool — 
Orange Shades on Wool — Yellow Shades on Wool — Green Shades on Wool — Blue Shades on 
Wool — Violet Shades on Wool — Brown Shades on Wool — Mode Colours on Wool — Dyeing 
Union (Mixed Cotton Wool) Fabrics — Dyeing of Gloria — Operations following Dyeing — 
Washing, Soaping, Drying — Experimental Dyeing and Comparative Dye Testing — Testing of 
the Colour df Dyed Fabrics — Index. 

Bleaching and Washing. 

A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh. Demy 8vo. 303 pp. Twenty 
lUus. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d. abroad.) 

Cotton Spinning and Combing. 

COTTON SPINNING (First Year). By Thomas Thornley, 
Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus- 
trations. Crown 8vo. Second Impression. Price 3s. net. (Post free, 
3s. 4d. home ; 3s. 6d. abroad.) 

Contents. 

Syllabus and Examination Papers of the City and Guilds of London Institute — Cultiva- 
tion, Classification, Ginning, Baling and Mixing of the Raw Cotton — Bale- Breakers, Mixing 
Lattices and Hopper Feeders— Opening and Scutching — Carding — Indexes. 
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COTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley. Second Impression. 180 pp. Seventy Illustra- 
tions. Crown 8vo. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. 
abroad.) 

Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute — The 
Combing Process— The Drawing Frame — Bobbin and Fly Frames — Mule Spinning — Ring 
Spinning — General Indexes. 

COTTON SPINNING (Honours, or Third Year). By Thomas 
Thornley. 216 pp. Seventy-four Illustrations. Crown 8vo. Second 
Edition. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute — Cotton — 
The Practical Manipulation of Cotton Spinning Machinery — Doubling and Winding — Reeling 
— Warping — Production and Costs — Main Driving — Arrangement of Machinery and Mill 
Planning — Waste and Waste Spinning — Indexes. 

COTTON COMBING MACHINES. By Thos. Thornley, 

Spinning Master, Technical School, Bolton. Demy 8vo. 117 Illustra- 
tions. 300 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. abroad.) 

Contents. 

The Sliver Lap Machine and the Ribbon Cap Machine — General Description of the Heilmann 
Comber — The Cam Shaft — On the Detaching and Attaching Mechanism of the Comber — 
Resetting of Combers — The Erection of a Heilmann Comber— Stop Motions : Various Calcu- 
lations — Various Notes and Discussions — Cotton Combing Machines of Continental Make — 
Index. 

Flax, Hemp and Jute Spinning. 

MODERN FLAX, HEMP AND JUTE SPINNING AND 
TWISTING. A Practical Handbook for the use of Flax, 
Hemp and Jute Spinners, Thread, Twine and Rope Makers. By 
Herbert R. Carter, iMill Manager, Textile Expert and Engineer, 
Examiner in Flax Spinning to the City and Guilds of London 
Institute. Demy 8vo. 1907. With 92 Illustrations. 200 pp. Price 
7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.) 

Contents. 

Rftw Fibre. — Origin of Flax — Hemp and Jute Fibre — Description of the Plants — Mode of 
Cultivation — Suitable Climate and Soil — Sowing — Harvesting — Rippling Flax and Hemp — 
Water Retting — Dew Retting — Extraction of the Fibre — Marketing the Fibre — Bracquing — 
Flax, Hemp and Jute Marks — Comparative Prices — Ports of Export — Trade Centres — Fibre 
Selling Conditions — Duty on Fibre — Fibre Exports. Hackling'. — Sorting and Storing the 
Raw Fibre — Softening Hemp and Jute — Jute Batching — Cutting — Piecing Out — Roughmg — 
Hackling by Hand and Machme — Tippling — Sorting — Ventilation of Hackhng Rooms. Silver 
Formation. — Spreading Line— Heavy Spreading System — Good's Combined Hackle and 
Spreader^fute Breaking and Carding — Flax and Hemp Tow Carding — Bell Calculation — 
Clock System— Theory of Spreading. Line and Tow Preparing.— Drawing and Doubling 
— Draft Calculation —Set Calculation — Tow Combing — Compound Systems — ^Automatic Stop 
Motions and Independent Heads — Details of Preparing Machinery — Ventilation — Humidifica- 
tion. QUI Spinning. — Gill Spinning for Shoe Threads, Rope Yarns, Binder and Trawl 
Twines — The Automatic Gill Spinner — Rope and Reaper Yarn Numbering. The Flax» 
Hemp and Jute Roving Frame.— Bobbin Winding — Differential Motion— Twi.st Calculation 
—Practical Changing— Rove Stock. Dry and Half-Dry Spinning.— Flyer and Ring 
Frames — Draft and Twist Calculation — Bobbin Dragging — Reaches — Set of Breast Beam 
and Tin-rod. Wet Spinning of Flax, Hemp and Tow — Hot and Cold Water Spinning — 
Improvements in the Water Trough — Turn off and Speed of Spindles — Reaches — Belting — 
Band Tying — Tape Driving — Oiling — Black Threads—Cuts per Spindle — Ventilation of the 
Wet Spinnmg Room. Yarn Department. — Reeling — Cop Winding — Cheese and Spool 
Winding — Balling Shoe Thread, Reaper Yarn, etc. — Yarn Drying and Conditioning — ^Yam 
Bundling — Yarn Baling — Weight of Yarn — ^Yarn Tables — Duty on Yarn Imports. Manufac- 
ture of Threads, Twines and Cords.— Hank Winding— Wet and Dry Twisting— Cabling- 
Fancy Yarns — Twine Laying — Sizing and Polishing Threads and Twines — Softening Threads 
— Skeining Threads— Balling Twines — Leeson's Universal Winder — Randing Twines — Spool- 
ing Sewing Threads — Comparative Prices of Flax and Hemp Cords, Lines and Threads. 
Rope Making. — Construction of Hawsers and Cables — Stranding — Laying and Closing — 
Compound Rope Machines — Rules for Rope Makers — Weight of Ropes — Balling and Coihng 
Ropes. Mechanical Department. — Boilers, Engines and Turbines — Power Transmission 
by Belts and Ropes — Electric Light and Power Transmission — Fans — Oils and Oiling — 
Repairs — Fluting. Mill Construction. — Flax, Hemp and Jute Spinning Mills and Ropeworks 
— Heating — Roofs — Chimneys, etc. 
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and Mines« 



RECOVERY WORK AFTER PIT FIRES. By Robert 

Lamprecht, Mining Engineer and. Manager. Translated from the 
German. Illustrated by Six large Plates, containing Seventy-six 
Illustrations. 175 pp., demy 8vo. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lis. abroad.) 

Contents. 

Causes off Pit Fires— Preventive Regulations : (1) The Outbreak and Rapid Extension 
of a Shaft Fire can be most reliably prevented by Employing little or no Combustible Material 
in the Construction of the Shaft ; (2) Precautions for Rapidly Localising an Outbreak of Fire in 
the Shaft ; (3) Precautions to be Adopted in case those under 1 and 2 Pail or Prove Inefficient. 
Precautions against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of 
Fire-damp and Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. 
Experiments on the Ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity — 
Indications of an Bxistingf or Incipient Fire— Appliances for Woridng in Irrespirable 
Oases: Respiratory Apparatus; Apparatus with Air Supply Pipes; Reservoir Apparatus: 
Oxygen Apparatus — Bxting'uisliingf Pit Fires: (a) Chemical Means; (6) Extinction with 
Water. Dragging down the Burning Masses and Packing with Clay ; (c) Insulating the Seat 
of the Fire by Dams. Dam Building. Analyses of Fire Gases. Isolating the Seat of a Fire 
with Dams: Working in Irrespirable Gases ("Gas-diving"): Air-Lock Work. Complete 
Isolation of the Pit. Flooding a Bummg Section isolated by means of Dams. Wooden 
Dams: Masonry Dams. Examples of Cylindrical and Dome-shaped Dams. Dam Doors: 
Flooding the Whole Pit — Rescue Stations : (a) Stations above Ground ; (6) Underground 
Rescue Stations— Spontaneous lirnition of Coal in Bulk — Index. 

VENTILATION IN MINES. By Robert Wabner, Mining 

Engineer. Translated from the German. Royal 8vo. Thirty Plates 
and Twenty-two Illustrations. 240 pp. Price lOs. 6d. net. (Post free, 
lis. home ; lis. 8d. abroad.) 

HAULAGE AND WINDING APPLIANCES USED IN 

MINES. By Carl Volk. Translated from the German. 
Royal 8vo. With Six Plates and 148 Illustrations. 150 pp. Price 
8s. 6d. net. (Post free, 9s. home; 9s. 3d. abroad.) 

Contents. 

Haulage Appliances — Ropes — Haulage Tubs and Tracks — Cages and Winding Appliances — 
Winding Engihes for Vertical Shafts — Winding without Ropes — Haulage in Levels and 
Inclines — The Working of Underground Engines — Machinery for Downhill Haulage. 

THE ELECTRICAL EQUIPMENT OF COLLIERIES. By 

W. Galloway Duncan, Electrical and Mechanical Engineer, Member 

of the Institution of Mining Engineers, Head of the Government School 

of Engineering, Dacca, India ; and David Penman, Certificated Colliery 

Manager, Lecturer in Mining to Fife County Committee. Demy 8vo. 

310 pp. 155 Illustrations and Diagrams. Price 10s. 6d. net. (Post 

free, lis. home ; lis. 3d. abroad.) 

Contents. 
General Principles, Magrnetism, Units, Cells, etc.— Dynamos and Motors— Trans- 
mission and Distribution of Power— Prime Movers— Lighting: by Electricity— Initial 
Outlay and Working: Cost of Electrical Installations— Electricity Applied to Coal- 
cuttlne— Electric Haulag^e. Winding:, and Locomotives— Electric Pumps and Pump- 
ing:— Electric-power Drills and Underg:round Coal Conveyers— Typical Colliery 
Electrical Installations— Miscellaneous Applications of the Electric Current— Com- 
parison of the Different Modes of Transmitting: Power— Dang:ers Occurring: from the 
Use of Electricity in Collieries— Appendix: Questions suitable for students preparing for 
colliery managers' examinations — Index. 

Dental Metallurgy. 

DENTAL METALLURGY : MANUAL FOR STUDENTS 

AND DENTISTS. By A. B. Griffiths, Ph.D. Demy 
8vo. Thirty-six Illustrations. 200 pp. Price 78. 6d. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

Contents. 

Introduction — Physical Properties of the Metals — Action of Certain Agents on Metals — 
Alloys — Action of Oral Bacteria on Alloys — Theory and Varieties of Blowpipes — Fluxes — 
Furnaces and Appliances — Heat and Temperature — Gold — Mercury — Silver — Iron — Copper — 
Zinc — Magnesium — Cadmium — Tin — Lead — Aluminium — Antimony — Bismuth — Palladium — 
Platinum — Iridium — Nickel — Practical Work — Weights and Measures. 
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Engineering^ Smoke Prevention 

and Metallurgy. 

THE PREVENTION OF SMOKE. Combined with the 

Economical Combustion of Fuel. By W. C. Popplewbll, M.Sc, 
A.M.Inst., C.B., Consulting Engineer. Forty-six Illustrations. 190 pp. 
Demy 8vo. Price 78. 6d. net. (Post free, 7s. lOd. home ; Ss. 3d. abroad.^ 

Contents. 

Fuel and Combustion — Hand Firing in Boiler Furnaces — Stoking by Mechanical Means — 
Powdered Fuel — Gaseous Fuel — Efficiency and Smoke Tests of Boilers — Some Standard 
Smoke Trials — The Legal Aspect of the Smoke Question — Th^ Best Means to be adopted for 
the Prevention of Smoke — Index. 

GAS AND COAL DUST FIRING. A Critical Review of 

the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. Translated from the 
German. With 103 Illustrations. Price 5s. net. (Post free, 5s. 4d.. 
home ; 5s. 6d. abroad. ) 

Contents. 

Generators — Generators Employing Steam — Stirring and Feed Regulating Appliances — 
Direct Generators — Burners — Regenerators and Recuperators — Glass Smelting Furnaces — 
Metallurgical Furnaces — Pottery Furnace — Coal Dust Firing — Index. 

THE HARDENING AND TEMPERING OF STEEL. 
IN THEORY AND PRACTICE. By Fridolin Reiser. 
Translated from the German of the Third Edition. Crown 8vo. 
120 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.) 

Contents, 
steel — Chemical and Physical Properties of Steel, and their Casual Connection- 
Classification of Steel according: to Use— Testing: the Quality of Steel — Steel- 
Hardening'— Investigation of the Causes of Failure in Hardening:— Reg:eneration of 
Steel Spoilt in the Furnace— Welding: Steel— Index. 

SIDEROLOGY: THE SCIENCE OF IRON (The Con- 

stitution of Iron Alloys and Slags). Translated from German of 
Hanns Freiherr v. Juptner. 350 pp. Demy 8vo. Eleven Plates 
and Ten Illustrations. Price 10s. 6d. net. (Post free, lis. home;, 
lis. 6d. abroad.) 

Contents. 

The Theory of Solution. — Solutions — Molten Alloys — Varieties of Solutions — Osmotic 
Pressure — Relation between Osmotic Pressure and other Properties of Solutions — Osmotie 
Pressure and Molecular Weight of the Dissolved Substance — Solutions of Gases^-Solid Solu- 
tions — Solubility — Diffusion — Electrical Conductivity — Constitution of Electrolytes and Metals. 
— Thermal Expansion. Microg:raphy. — Microstructure — The Micrographic Constituents of 
Iron — Relation between Micrographical Composition, Carbon-Content, and Thermal Treat- 
ment of Iron Alloys — The Microstructure of Slags. Chemical Composition of the Alloys- 
of Iron. — Constituents of Iron Alloys — Carbon — Constituents of the Iron Alloys, Carbon — 
Opinions and Researches on Combined Carbon — Opmions and Researches on Combined 
Carbon — Applying the Curves of Solution deduced from the Curves of Recalescence to the De- 
termination of the Chemical Composition of the Carbon present m Iron Alloys — The Constitu- 
ents of Iron — Iron — The Constituents of Iron Alloys — Manganese — Remaining Constituents ot 
Iron Alloys — A Silicon — Gases. The Chemical Composition of Slag:. — Silicate Slags — 
Calculating the Composition of Silicate Slags— ^Phosphate Slags — Oxide Slags — Appendix — 
Index. 

EVAPORATING, CONDENSING AND COOLING AP-^ 

PARATUS. Explanations, Formulae and Tables for Use 
in Practice. By E. Hausbrand, Engineer. Translated by A. C 
Wright, M.A. (Oxon.), B.Sc. (Lend.). With Twenty-one Illustra- 
tions and Seventy-six Tables. 400 pp. Demy 8vo. Price 10s. 6d. net.. 
(Post free, lis. home; lis. 6d. abroad.) 

Contents. 

i?tfCoefficient of Transmission of Heat, k/, and the Mean Temperature Difference, fl/m — 

Parallel and Opposite Currents — Apparatus for Heating with Direct Fire — The Injection of 
Saturated Steam — Superheated Steam — Evaporation by Means of Hot Liquids — The Trans- 
ference of Heat in General, and Transference by means of Saturated Steam in Particular 
— The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms- 
— Evaporation in a Vacuum — The Multiple-effect Evaporator — Multiple-effect Evaporators. 
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Contents of '* Evaporating, Condensing and Coollns 

Apparatus " ,— continued. 
from which Extra Steam is Taken — The Weight of Water which must be Evaporated from 
100 Kilos, of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent, 
up to 20-70 per cent. — The Relative Proportion of the Heating Surfaces in the Elements 
•of the Multiple Evaporator and their Actual Dimensions — The Pressure Exerted by Currents 
'Of Steam and Gas upon Floating Drops of Water — The Motion of Floating Drops of Water 
upon which Press Currents of Steam — The Splashing of Evaporating Liquids — The Diameter 
of Pipes for Steam, Alcohol, Vapour and Air — The Diameter of Water Pipes — The Loss 
•of Heat from Apparatus and Pipes to the Surrounding Air, and Means for Preventing 
the Los»— Condensers— .Heating Liquids by Means of Steam — The Cooling of Liquids — 
The Volumes to be Exhausted from Condensers by the Air-pumps — A Few Remarks on Air- 
pumps and the Vacua they Produce — The Volumetric Efficiency of Air-pumps — The Volumes 
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to a 
Certain Lower Pressure — Index. 

Sanitary Plumbing, Electric 
Wiring, Metal Work, etc. 

EXTERNAL PLUMBING WORK. A Treatise on Lead 

Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 272 
pp. Demy 8vo. Second Edition Revised. Price 7s, 6d. net. (Post 
free, 7s. lOd. home ; 8s. abroad.) 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 

Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. Price 7s. 6d.net. (Post free, 8s. home; 8s. 6d. 
abroad.) 

Contents. 

Pipe Bending — Pipe Bending (continued) — Pipe Bending (continued) — Square Pipe 
Bendings — Half-circular Elbows — Curved Bends on Square Pipe — Bossed Bends — Curved 
Plinth Bends — Rain-water Shoes on Square Pipe — Curved and Angle Bends — Square Pipe 
Fixings — Joint-wiping — Substitutes for Wiped Joints — Preparing Wiped Joints— Joint Fixings 
— Plumbing Irons— Joint Fixings — Use of "Touch" in Soldering — Underhand Joints — Blown 
and Copper Bit Joints — Branch Joints — Branch Joints (continued) — Block Joints — Block 
•Joints (continued) — Block Fixings — Astragal Joints — Pipe Fixings — Large Branch Joints — 
Large Underhand Joints — Solders — Autogenous Soldering or Lead Burning — Index. 

SANITARY PLUMBING AND DRAINAGE. By John 

W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price 
7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

ELECTRIC WIRING AND FITTING FOR PLUMBERS 
AND GASFITTERS. By Sydney F.Walker, R.N., M.I.E.E., 

M.I.Min.E., A.M.Inst.C.E., etc., etc. Crown 8vo. 150 pp. With Illus- 
trations and Tables. Price 5s. net, (Post free, 5s. 3d. home ; 5s. 6d. 
abroad.) 

Contents. 

Chapter L, Electrical Terms Used.— Pressure and Current — The Volt— Ampere — 
Blectrical Resistance — Earth — Continuous and Alternating Currents — The Electric Circuit — 
Lteakage — Heating of Conductors — Size and Forms of Conductors — The Kilowatt — Loss of 
Pressure — Arrangement of Conductors — Looping In — The Three Wire System — Switches — 
Fuses— Circuit— Breakers. IL, The Insulation of Wires, Their Protection Fixing, etc. 
— Conductors Insulated with Paper and Similar Materials — Sparking between Conductors 
— Dialite Insulation — Flexible Cords — Concentric Conductors — ^Twin Conductors — Three-Core 
•Cables — Fireproof Insulation for Conductors — Jointing — T Joints — Covering T Joints «n Vul- 
canized Rubber Cables. III., Fixin|f the Wiring and Cables.— La\ ing Out the Route— The 
Protection of the Wires and Cables — Wood Casing — Me allic Conduits — Non-Metallic Con- 
•ductors — Fixing the Conduits and Running Wires in Them— Drawing Wires into Tubes — ^To 
Avoid Shock. IV., Lamps. — The Incandescent Lamp — Lamp Holders — Lamp Fittings — The 
Ncmst Lamp. V., Switches, Fuses, Distribution Boards, etc.— The Electricity Meter- 
Prepayment Meters. 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 
8vo. Price 2s. net. (Post free, 2s. dd. home and abroad.) 
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A HANDBOOK ON JAPANNING AND ENAMELLING 

FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 
Price 2s. net. (Post free, 2s. 3d. home and abroad.) 

THE PRINCIPLES OP HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 177 pp., demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

House Decorating and Painting. 

THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Painters and Decorators. By A. 

Desaint, Artistic Interior Decorator of Paris. The book contains 100 
folio Plates, measuring 12 in. by 7 in., each Plate containing specimens 
of three artistic shades. These shades are all numbered, and their 
composition and particulars for mixing are fully given at the beginning 
of the book. Each Plate is interleaved with grease-proof paper, and 
the volume is very artistically bound in art and linen with the Shield 
of the Painters' Guild impressed on the cover in gold and silver. Price 
21s. net. (Post free, 21s. 6d. home ; 22s. 6d. abroad.) 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 
Price 3s. 6d. net. (Post free, 3s. 9d. home and abroad.) 

A HISTORY OP DECORATIVE ART. By W. Norman 

Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price Is. net, 
(Post free. Is. 3d. home and abroad.) 

WORKSHOP WRINKLES for Decorators, Painters, » Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. Second 
Edition. Price 2s. 6d. net. (Post free, 2s. 9d. home ; 2s. lOd. abroad.) 

Brewing and 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 

OP COMMERCE. By Emmanuel Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 340 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, lis. home; lis. 6d. abroad.) 

Contents. 

HISTORY OF THE HOP— THE HOP PLANT— Introductory— The Roots— The Stem— 
and Leaves — Inflorescence and Flower: Inflorescence and Flower of the Male Hop; In- 
florescence and Flower of the Female Hop — The Fruit and its Glandular Structure : The 
Fruit and Seed — Propagation and Selection of the Hop — Varieties of the Hop : (a) Red Hops ; 
(b) Green Hops ; {c) Pale Green Hops — Classification according to the Period of Ripening : 
Early August Hops; Medium Early Hops; Late Hops — Injuries to Growth — Leaves Turning 
Yellow, Summer or Sunbrand, Cones Dropping Off, Honey Dew, Damage from Wind, Hail 
and Rain ; Vegetable Enemies of the Hop: Animal Enemies of the Hop^Beneficial Insects on 
Hops— CULTIVATION— The Requirements of the Hop in Respect of Climate, Soil and 
Situation : Climate ; Soil : Situation — Selection of Variety and Cuttings — Planting a Hop 
Garden : Drainage ; Preparing the Ground ; Marking-out for Planting ; Planting ; Cultivation 
and Cropping of the Hop Garden in the First Year — Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting : Method of Cutting : Close Cutting, Ordinary Cuttings 
The Long Cut, The Topping Cut; Proper Season for Cutting: Autumn Cutting, Spring 
Cutting; Manuring: Training the Hop Plant: Poled Gardens, Frame Training; Principal 
Types of Frames : Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant ; Picking, 
Drymg and Bagging — Principal and Subsidiary Utilisation of Hops and Hop Gardens — Lire 
of a Hop Garden ; Subsequent Cropping — Cost of Production, Yield and Selling Prices. 

Preservation and Storag^e — Physical and Chemical Structure of the Hop Cone— Judgit^ 
the Value of Hops. 

Statistics of Production— The Hop Trade— Index. 
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Wood Products, Timber and 

Wood Waste. 

WOOD PRODUCTS : DISTILLATES AND EXTRACTS. 

By P. DuMESNY, Chemical Engineer, Expert before the Lyons Com- 
mercial Tribunal, Member of the International Association of Leather 
Chemists; and J. Noyer. Translated from the French by Donald 
Grant. Royal 8vo. 320 pp. 103 Illustrations and Numerous Tables. 
Price 10s. 6d. net. (Post free, lis. home ; lis. 6d. abroad.) 

Contents. 

Part I., Wood Distillation— Principal Products from the Carbonisation of Wood- 
Acetates— Secondary Products of the Distillation of Wood— Acetone— Analysis of 
Raw Materials and Finished Products— Appendix— The Destructive Distillation of Olive 
Oil Residuals. Part II., Manufacture and Testinsr of Tan Wood Extracts and their 
Utilisation in Modern Tanneries— Plant and Bquipment for Treating^ Chestnut Wood 
— Analysis of Tanning Substances — The OfBciaf Method of the International Association 
of Leather Chemists, with Supplementary Notes. 

TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpentier. Royal 8vo. 437 pp. 178 Illustrations. Price 
12s. 6d. net. (Post free, 13s. home ; 14s. abroad.) 

Contents. 

Physical and Chemical Properties of Timber— Composition of the Vegetable Bodies 
— Chief Elements — M. Fremy's Researches— Elementary Organs of Plants and especially of 
Forests — Different Parts of Wood Anatomically and Chemically Considered — General Pro* 
perties of Wood — Description of the Different Kinds of Wood — Principal Essences with 
Caducous Leaves — Coniferous Resinous Trees — Division of the Useful Varieties of Timber 
in the Different Countries of the Globe— European Timber— African Timber— Asiatic 
Timber — American Timber — Timber of Oceania — Forests — General Notes as to Forests ; their 
Influence — Opinions as to Sylviculture — Improvement of Forests — Unwooding and Rewooding 
— Preservation of Forests — Exploitation of Forests — Damage caused to Forests — Different 
Alterations— The Preservation of Timl>er— Generalities— Causes and Progress of De- 
terioration — History of Different Proposed Processes — Dessication — Superficial Carbonisation 
of Timber — Processes by Immersion — Generalities as to Antiseptics Employed — Injection 
Processes in Closed Vessels — The Boucherie System, Based upon the Displacement of the 
Sap — Processes for Making Timber Uninflammable— Applications of Timber— Generalities 
— Working Timber — Paving — Timber for Mines — Railway Traverses — Accessory Products — 
Gums — Works of M. Fremy— Resins — Barks — Tan— Application of Cork — The Application of 
Wood to Art and Dveing — Different Applications of Wood— Hard Wood — Distillation of 
Wood — Pyroligneous Acid — Oil of Wood — Distillation of Resins — Index. 

THE UTILISATION OF WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 192 pp. Fifty Illustra- 
tions. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Building and Architecture. 

THE PREVENTION OF DAMPNESS IN BUILDINGS ; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M. J. Salter, F.I.C, 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo. 
115 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.) 

HANDBOOK OF TECHNICAL TERMS USED IN ARCHI- 
TECTURE AND BUILDING, AND THEIR ALLIED 
TRADES AND SUBJECTS. By Augustine C. Passmore. 
Demy 8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. 
abroad.) 
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The Preserving of Foods and 

Sweetmeats. 

THE MANUFACTURE OP PRESERVED POODS AND 
SWEETMEATS. By A. Hausner. With Twenty-eight 
Illustrations. Translated from the Germaq of the third enlarged 
Edition. Crown 8vo. 225 pp. Price 78. 6d. net. (Post free, 7s. 9d. 
home; 7s. lOd. abroad.) 

Contents. 

The Manufacture of Conserves — Introduction — The Causes of the Putrefaction of Food 
— The Chemical Composition of Foods — The Products of Decomposition — The Causes of Fer- 
mentation and Putreraction — Preservative Bodies — The Various Methods of Preserving Food 
— The Preservation of Animal Food — Preserving Meat by Means of Ice — The Preservation 
•of Meat by Charcoal — Preservation of Meat by Drying — The Preservation of Meat by the 
Exclusion of Air — The Appert Method — Preserving Flesh by Smoking — Quick Smoking — Pre- 
serving Meat with Salt — Quick Salting by Air Pressure— Quick Salting by Liquid Pressure — 
-Gamgee's Method of Preserving Meat — The Preservation of Eggs — Preservation of White 
and Yolk of Egg — Milk Preservation — Condensed Milk — The Preservation of Fat — Manu- 
facture of Soup Tablets — Meat Biscuits — Extract of Beef — The Preservation of Vegetable 
Poods in General — Compressing Vegetables — Preservation of Vegetables by Appert's Method 
—The Preservation of Fruit— Preservation of Fruit by Storage — The Preservation of Fruit 
by Drying — Drying Fruit by Artificial Heat — Roasting Fruit — The Preservation of Fruit with 
Sugar — Boiled Preserved Fruit — The Preservation of Fruit in Spirit, Acetic Acid or Glycerine 
—Preservation of Fruit without Boiling — Jam Manufacture — The Manufacture or Fruit 
Jellies — The Making of Gelatine Jellies — The Manufacture of " Sulzen " — The Preservation of 
Fermented Beverages — The Manufacture of Candies— Introduction — The Manufacture of 
■Candied Fruit — The Manufacture of Boiled Sugar and Caramel — The Candying of Fruit — 
Caramelised Fruit — The Manufacture of Sugar Sticks, or Barley Sugar — Bonbon Making — 
Fruit Drops — The Manufacture of Dragdes — The Machinery and A|)pliances used in Candy 
Manufacture — Dyeing Candies and Bonbons — Essential Oils used m Candy Making — Fruit 
Essences — The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges — 
Recipes for Jams and Jellies — Recipes for Bonbon Making — Drag^es — Appendix— Index. 

RECIPES POR THE PRESERVING OP PRUIT, VEGE- 
TABLES AND MEAT. By E. Wagner. Translated 
from the German. Crown 8vo. 125 pp. With 14 Illustrations. Price 
5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.) 

Contents* 

Part I. Preserved Fruits. — Green Almonds — Gooseberries — Strawberries — Currants — 
•Cherries — Black Nuts — White Nuts— Apricots — Greengages— Pears — Peaches — Plums — Figa — 
Melons — Apples — Chestnuts — Angelica — Pineapple. Canned Fruit. — Gooseberries — Cherries 
— Apricots — Plums — Rhubarb. Qlaxed and Candied Fruits.— Glazing Fruit— Candied 
Fruit — Blue Plums— Glazed Chestnuts — Glazed Pineapple Slices — Crystallised Strawberries. 
Marmalades, Jams and Fruit Juices.— Strawberry Marmalade— Cherry Marmalade — 
•Jams — Fruit Jellies— Raspberry Juice — Cherry Juice— Lemon Syrup— Pineapple Juice. Fruit 
Pulp for Ices. Citron Peel and Oranre Peel. Part II. Preserved Veretables. — 
Asparagus — Peas — Beans — Carrots — Spinach — Artichokes — Tomatoes — Mixed Vegetables — 
Tinned Julienne — Celery — Mushrooms — ^Truffles — Pickled Gherkins — Gherkins in Mustard — 
Mixed Pickles. Part 111. Preserved Meats.— Veal Cutlets— Fricondeau of Veal— Calves 
Head— Bouillon Meat — Ox Tongue — Beef a la Mode — Roast Hare — Roast Venison — Mutton 
and Cabbage— Savoury Paste— Beef Paste— Foie Gras Paste. 

Dyeing Fancy Goods. 

THE ART OP DYEING AND STAINING MARBLE, 
ARTIPICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OP IMITATING ALL SORTS OP 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlbt, 
Technical Chemist. Crown 8vo. 168 pp. Price 5s. net. (Post free, 
5s. 3d. home ; Ss. 4d. abroad.) 
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Celluloid. 



CELLULOID : Its Raw Material, Manufacture, Properties and 
Uses. A Handbook for Manufacturers ol Celluloid and Celluloid 
Articles, and all Industries using Celluloid ; also for Dentists and. 
Teeth Specialists. By Dr. Fr. Bockmann, Technical Chemist. Trans- 
lated from the Third Revised German Edition. Crown 8vo. 120 pp. 
With 49 Illustrations. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. 
abroad.) 

Contents. 

Chapters I., Raw Materials for the Manufacture of Celluloid : Cellulose bnd Pyroxylin 
— Gun-cotton — Properties of Gun-cotton — Special Gun-cottons for Celluloid Manufacture — 
Nitrating Centrifugalisers— Collodion Wool — Metl^ods of Preparing Collodion Wool*- Cam- 
phor — Japanese (Formosa) Camphor, Ordinary Camphor — Borneo Camphor (Borneol), 
Sumatra Camphor, Camphol, Baros Camphor) — Properties of Camphor — Artificial Camphor 
— Camphor Substitutes. 1 1„ The Manufacture of Celluloid: Manufacturing Camphor by 
the Aid of Heat and Pressure — Manufacture of Celluloid by Dissolving Gun-cotton in an 
Alcoholic Solution of Camphor — Preparing Celluloid by the Cold Process — Preparation with 
an Ethereal Solution of Camphor — Preparation with a Solution of Camphor and Wood 
Spirit. III.. The Employment of Pyroxylin for Artificial Silk : Denitrating 
and Colouring Pyroxylin — Uninflammable Celluloid — Celluloid and Cork Composition — 
Incombustible Celluloid Substitute — Xylonite or Fibrolithoid. IV., Properties of 
Celluloid, v., Testins: Celluloid. VI.. Application and Treatment of Celluloid : 
Caoutchouc Industry — Making Celluloid Ornaments — Working by the Cold Process — 
Working by the Warm Process — Celluloid Combs — Celluloid as a Basis for Artificial 
Teeth — Stained Celluloid Sheets as a Substitute for Glass — Celluloid Printing Blocks 
and Stamps— Collapsible Seamless Vessels of Celluloid — Making Celluloid Balls — Celluloid 
Posters — Pressing Hollow Celluloid Articles — Casting Celluloid Articles — Method for Pro- 
ducing Designs on Plates or Sheets of Celluloid, Xylonite, etc.— Imitation Tortoiseshell — 
Metallic Incrustations — Imitation Florentine Mosaic — Celluloid Collars and Cuffs — Phono- 
graph Cylinder Composition — Making Umbrella and Stick Handles of Celluloid — Celluloid 
Dolls— Celluloid for Ships' Bottoms — Celluloid Pens— Colouring Finished Celluloid Articles — 
Printing on Celluloid — Employment of Celluloid (and Pyroxylin) in Lacquer Varnishes — Index.. 

Lithography, Printing and 

Engraving. 

PRACTICAL LITHOGRAPHY. By Alfred Seymour. 
Demy 8vo. With Frontispiece and 33 lUus. 120 pp. Price 5s.. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

Stones — Transfer Inks — Transfer Papers — Transfer Printing — Litho Press — Press Work — 



Machine Printing — Colour Printing— Substitutes for Lithographic Stones — Tin Plate Printing, 
and Decoration — Photo-Lithography. 

PRINTERS' AND STATIONERS' READY RECKONER 
AND COMPENDIUM. Compiled by Victor Graham. 

Crown 8vo. 112 pp. 1904. Price 3s. 6d. net. (Post free, 3s. 9d. home ; 
3s. lOd. abroad.) 

Contents. 

Price of Paper per Sheet, Quire, Ream and Lb.— Cost of 100 to 1000 Sheets at various 
Sizes and Prices per Ream— Cost of Cards— Quantity Table— Sizes and Weights of Paper, 
Cards, etc. — Notes on Account Books — Discount Tables — Sizes of spaces — Leads to a lb. — 
Dictionary — Measure for Bookwork — Correcting Proofs, etc. 

ENGRAVING FOR ILLUSTRATION. HISTORICAL 
AND PRACTICAL NOTES. By J. Kirkbride. 72 pp. 
Two Plates and 6 Illustrations. Crown 8vo. Price 2s. 6d. net. (Post 
free, 2s. 9d. home ; 2s. lOd. abroad.) 



Bookbinding. 



PRACTICAL BOOKBINDING. By Paul Adam. Translated 
from the German. Crown 8vo. 180 pp. 127 Illustrations. Price 5s. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 
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Sugar Refining. 



THE TECHNOLOGY OP SUGAR: Practical Treatise on 

the Modern Methods of Manufacture of Sugar from the Sugar Cane and 
Sugar Beet. By John Gbddbs McIntosh. Second Revised and 
Enlarged Edition. Demy 8vo. Fully Illustrated. 436 pp. Seventy-six 
Tables. 1906. Price 10s. 6d. net. (Post free, lis. home; lis. 6d. 
abroad.) 

Contents. 

Chemist^ of Sucrose, Lactose, Maltose, Glucose, Invert Sugar, etc. — Purchase and 
Analysis of Beets — Treatment of Beets — Diffusion — Filtration — Concentration — Evaporation — 
Saggar Cane: Cultivation— Milling— Diffusion — Sugar Refining — ^Analysis of Raw Sugars- 
Chemistry of Molasses, etc. 

(See " Evaporating^ Condensing, etc^ Apparatus" p. 26.) 
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principals, secretaries, etc. Demy 8vo. 150 pp. Price 3s. 6d. net. 
(Post free, 3s. lOd. home ; 4s. abroad.) 



THE PLUMBING, HEATING AND LIGHTING 
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